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MAGNETICALLY ATTACHABLE GAMING
ACCESSORY

CROSS REFERENCES TO RELATED
APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Patent Application No. 63/083,425, filed Sep. 25,
2020, which is incorporated by reference.

BACKGROUND

[0002] The number of types of electronic devices that are
commercially available has increased tremendously the past
few years and the rate of introduction of new devices shows
no signs of abating. Devices such as tablet computers, laptop
computers, desktop computers, all-in-one computers, cell
phones, storage devices, wearable-computing devices, por-
table media players, navigation systems, monitors, adapters,
and others, have become ubiquitous.

[0003] As a result of the ubiquity and increasing function-
ality of these electronic devices, they now travel with us
wherever we go. They are often used during or in conjunc-
tion with many daily activities, either while performing an
activity or in a manner that supplements an activity.
[0004] As a result of this constant companionship, it can
be desirable for these electronic devices to be particularly
adept at performing specific functions. Accordingly, it can
be desirable to provide accessories that can improve one or
more functionalities of an electronic device.

[0005] But it can be difficult to attach an accessory to an
electronic device. Any significant effort in making such a
connection can quickly reduce the desirability and useful-
ness of the accessory. Accordingly, it can be desirable that
such an accessory be readily connected to an electronic
device.

[0006] Some accessories can be difficult to use. They can
have complicated interfaces and arcane instructions. This
too can rapidly reduce the desirability and usefulness of the
accessory. Accordingly, it can be desirable that such an
accessory be easy and intuitive to use.

[0007] Also, some accessories can be rather bulky and
difficult to carry along with an electronic device. Accord-
ingly, it can be desirable that these accessories have a small
and efficient form factor that makes them easy to transport.
[0008] Thus, what is needed are accessories that can
improve a specific functionality of an electronic device, can
readily attach to an electronic device, can be easy to use, and
can have a small and efficient form factor.

SUMMARY

[0009] Accordingly, embodiments of the present invention
can provide accessories that can improve one or more
functionalities of an electronic device, can readily attach to
an electronic device, can be easy to use, and can have a small
and efficient form factor.

[0010] An illustrative embodiment of the present inven-
tion can provide a gaming accessory that can improve the
game playing functionality of an electronic device, such as
a phone, tablet, wearable computing device, or other com-
puting device. This gaming accessory can provide a physical
interface for controlling game activities on the electronic
device such that a screen of the electronic device remains at
least largely unobstructed during game play. The gaming
accessory can include a tray, panel, or base and one or more
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game controllers that can attach to the tray, panel, base
(generally referred to herein as a tray or base), or electronic
device such that the game controllers are positioned on one
or more sides of the electronic device. Each game controller
can include one or more user-interface controls. The game
controllers can be readily grasped during game play thereby
improving the game playing functionality.

[0011] These and other embodiments of the present inven-
tion can provide gaming accessories that readily attach to an
electronic device. A gaming accessory can include an attach-
ment feature that can attach the gaming accessory to a
surface of an electronic device. The attachment feature can
include a magnet. The attachment feature can also or instead
include multiple magnets. The attachment feature can also or
instead include a magnet array. The magnet array can be
arranged in a circular pattern. The magnet array in the
gaming accessory can be magnetically attracted to a corre-
sponding magnetic array in the electronic device.

[0012] These and other embodiments of the present inven-
tion can provide a gaming accessory having a fixed magnet
array. In this arrangement it can be desirable to limit a
strength of a magnetic field generated by the fixed magnetic
array at a contacting surface of the gaming accessory in
order to protect information that might be magnetically
stored, for example on credit cards, transit passes, or else-
where. But it can also be desirable to increase the magnetic
field to improve the attachment of the gaming accessory to
the electronic device. Accordingly, the magnetic field can be
increased when the gaming accessory is or is about to be
attached to the electronic device. For example, an electro-
magnet can be used. Current through the electromagnetic
can be increased in order to increase magnetic attraction.
Also or instead, the magnet array of a gaming accessory can
be a moving magnet array. This moving magnet array can
move from a first position away from a contacting surface to
a second position near the contacting surface when the
gaming accessory is or is about to be attached to the
electronic device. When the gaming accessory is removed
from the electronic device, the moving magnet array can
return to the first position away from the contacting surface.
[0013] These and other embodiments of the present inven-
tion can further include an alignment feature for a gaming
accessory, where the alignment feature can align the gaming
accessory in a particular orientation relative to the electronic
device. The alignment feature can include magnets in the
magnet array. The alignment feature can also or instead be
additional magnets that are separate and spaced apart from
the magnet array.

[0014] These and other embodiments of the present inven-
tion can provide gaming accessories that are easy to use. For
example, these gaming accessories can include one or more
game controllers that support user-interface controls such as
a directional joystick, D-pad, button array, shoulder button,
or other user-interface controls.

[0015] The use of these gaming accessories can further be
simplified by providing circuitry and components that allow
an electronic device to determine that a gaming accessory is
attached. Once this determination is made, the electronic
device can enter a gaming mode without further interven-
tion. Accordingly, these and other embodiments of the
present invention can provide a gaming accessory that can
be identified by an electronic device. Once an electronic
device identifies that it is attached to a gaming accessory, the
electronic device can commence various operations. More



US 2022/0096923 Al

specifically, the electronic device can comprise a magne-
tometer. The magnetometer can detect the magnet array in
the attached game controller. In response to this detection,
the electronic device can generate a field using near-field
communication circuitry. The near-field communication cir-
cuitry in the electronic device can use changes in this field
to detect near-field communication circuitry in the attached
gaming accessory and to read data from the gaming acces-
sory. The near-field communication circuitry in the attached
gaming accessory can include a tag, capacitors, and other
components. The tag can include identifying information. In
response to detecting a connection, the electronic device can
enter a game-playing mode or take other appropriate actions.

[0016] These and other embodiments of the present inven-
tion can provide gaming accessories that provide a small and
efficient form factor. For example, an electronic device can
be supported by a tray of a gaming accessory. The tray can
be a case or cover that can be removably attached to the
electronic device. A first game controller of the gaming
accessory can be removably attached to a first side of the
tray and a second game controller of the gaming accessory
can be removably attached to a second side of the tray, where
the first and second sides are opposing sides. The first game
controller can alternatively be removably attached to a third
side of the tray, where the third side is between the first side
and the second side. The second game controller can alter-
nately be removably attached to a fourth side of the tray, the
fourth side opposite the third side. The first game controller
and the second game controller can include tabs that can
attach to grooves in sides of the tray. The first game
controller and second game controller can include spring-
biased or other contacts that can physically and electrically
connect to corresponding contacts in the grooves in sides of
the tray. These contacts can extend some of the length of a
side of the tray such that the first game controller and second
game controller can be removably attached at different
positions along sides of the tray.

[0017] These and other embodiments of the present inven-
tion can provide gaming accessories arranged as a folio for
an electronic device. This folio configuration can provide a
small and efficient form factor for a gaming accessory. The
folio can include a back panel or tray to support the
electronic device. The back panel or tray can substantially
cover a back side of the electronic device. The folio can
include a cover connected to the back panel or tray by a
hinge. The cover can be in a first position over a screen on
a front side of the electronic device and a second position
where the electronic device is at an oblique angle to the
cover. The cover can include one or more openings. The
electronic device can detect when the cover is in the first
position, and in response, the electronic device can generate
one or more icons or other images on the screen, where the
one or more icons or other images on the screen align with
the one or more openings on the cover. The remaining
portions of the screen that are not aligned with the one or
more openings can be turned off to save power. One or more
user-interface controls can be located on either or both sides
of the cover and can be used when the cover is in the second
position or first position.

[0018] These and other embodiments of the present inven-
tion can provide gaming accessories that can be attached to
a back side of an electronic device in either a first orientation
or a second orientation. When a gaming accessory is
attached in a first orientation (for example, a landscape
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orientation), the gaming accessory can have an outline that
is at least approximately coincident with the electronic
device, thereby providing a gaming accessory with a highly
efficient form factor. More specifically, the gaming acces-
sory can include a base, a first game controller, and a second
game controller. The first game controller and the second
game controller can be in a first position where the first game
controller and the second game controller are adjacent to the
base. In this first position, the gaming accessory can be at
least approximately coincident with the electronic device.
The first game controller and the second game controller can
move to a second position where the first game controller
and the second game controller are away from the base. In
this position, user-interface controls on the first game con-
troller and the second game controller can be available for
use at sides of the electronic device. When the gaming
accessory is attached in the second orientation (for example
a portrait orientation), user-interface controls on the first
game controller and the second game controller can be
available for use at sides of the electronic device when the
first game controller and the second game controller are in
the first position and adjacent to the base.

[0019] These and other embodiments of the present inven-
tion can provide other gaming accessories having a folio
form factor. Such a gaming accessory can include a back
panel or tray to support an electronic device. The back panel
or tray can be connected to a cover via a hinge. The cover
can include a cover screen that can act as a second screen to
a screen on the electronic device. The cover screen can
include one or more openings, where user-input controls can
be located in each of the one or more openings. The cover
screen can display images that are supplemental to images
on the screen of the electronic device. The screen of the
electronic device can display images that are supplemental
to images on the cover screen. The screen on the electronic
device and the cover screen can also display continuous
images that are split between the two screens.

[0020] These and other embodiments of the present inven-
tion can provide gaming accessories that can synchronize
game play information between users. A gaming accessory
can include a back panel or tray to support an electronic
device. A first game controller can attach to the back panel
or tray, or can fit over or otherwise attach to a first end of the
electronic device, and a second game controller can attach to
the back panel or tray, or can fit over or otherwise attach to
a second end of the electronic device. The first game
controller can be swappable between a first player and a
second player. That is, the first player and the second player
can swap first game controllers and attach the first game
controllers to their gaming accessory. This can allow infor-
mation from the first player’s gaming accessory to synchro-
nize with the second player’s gaming accessory and infor-
mation from the second player’s gaming accessory to
synchronize with the first player’s gaming accessory.
[0021] These and other embodiments of the present inven-
tion can provide gaming accessories that can include a
projector. A projector can project an image of game play
onto a surface. The projected image can be the same or
different as an image viewable on an electronic device
attached to the gaming accessory.

[0022] Various types of data can be transferred between a
gaming accessory and an electronic device. For example,
button press information, pressure information, directional
information, and other types of information can be sent from
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a game controller of a gaming accessory to an electronic
device. Battery charge status and other status information
can also be sent from a gaming accessory to an electronic
device. The electronic device can provide information to the
gaming accessory for the illumination of light-emitting
diodes on the gaming accessory, as well as other types of
information.

[0023] Data can be transferred between a gaming acces-
sory and an electronic device in various ways. For example,
data can be transferred between a gaming accessory and an
electronic device using near-field communication circuitry.
Data can be transferred between a gaming accessory and an
electronic device using charging circuitry. Data can be
transferred between a gaming accessory and an electronic
device using Bluetooth or other wireless protocol. Data can
be transferred between a gaming accessory and an electronic
device using electrical contacts. Data can be transferred
between a gaming accessory and an electronic device using
any one or a combination of these.

[0024] Again, data can be transferred from an accessory to
an electronic device using near-field communication cir-
cuitry. Current can be provided to a near-field communica-
tion coil in an electronic device. This current can generate a
magnetic field. A tag coupled to a near-field communication
coil in the accessory can provide a time-varying impedance
to the magnet field in order to transmit data. The variation in
the magnetic field can be detected by the near-field com-
munication circuitry in the electronic device. From this, the
data transmitted by the accessory can be read. Data can
similarly be transmitted from the electronic device to the
accessory.

[0025] Data can also or instead be transferred from a
gaming accessory to an electronic device using charging
circuitry. For example, control circuitry in the gaming
accessory can generate currents in a coil of the gaming
accessory. These currents can generate a time-varying mag-
netic field that can be modulated. The modulation can be in
amplitude, phase, frequency, or other parameter. The modu-
lated time-varying magnetic field can induce currents in a
corresponding coil in the electronic device. Control circuitry
in the electronic device can receive the induced currents and
recover data transmitted by the gaming accessory. Data can
similarly be transferred from the electronic device to the
gaming accessory.

[0026] Data can also or instead be transferred from a
gaming accessory to an electronic device using Bluetooth or
other wireless protocol. Data can similarly be transferred
from the electronic device to the gaming accessory.

[0027] In these and other embodiments of the present
invention, power can be provided to a gaming accessory in
various ways. For example gaming accessory can receive
wired power. The gaming accessory can also or instead
receive wireless power.

[0028] A gaming accessory can receive wired power
through a connector receptacle in the gaming accessory that
can accept a corresponding connector insert attached to a
first end of a cable. A second end of the cable can be attached
to a power source, such as a host device, charging or other
power source.

[0029] A gaming accessory for an electronic device can
receive wireless power from the electronic device or other
wireless charger. For example, the gaming accessory can
include a charging coil and control circuitry that allow the
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gaming accessory to be inductively charged by either the
electronic device, a wireless charger, or other charging
device.

[0030] A gaming accessory for an electronic device can
also act as a pass-through that allows an electronic device to
be charged. For example, an electronic device in gaming
accessory can be placed on a wireless charger. The wireless
charger can charge the electronic device through the gaming
accessory.

[0031] Various embodiments of the present invention can
incorporate one or more of these and the other features
described herein. A better understanding of the nature and
advantages of the present invention can be gained by refer-
ence to the following detailed description and the accom-
panying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] FIG. 1 illustrates a gaming accessory according to
an embodiment of the present invention;

[0033] FIG. 2 illustrates the gaming accessory of FIG. 1;
[0034] FIG. 3 illustrates another gaming accessory accord-
ing to an embodiment of the present invention;

[0035] FIG. 4A and FIG. 4B illustrate another gaming
accessory according to an embodiment of the present inven-
tion;

[0036] FIG. 5A and FIG. 5B illustrate another game
controller according to an embodiment of the present inven-
tion;

[0037] FIG. 6A and FIG. 6B illustrate another gaming
accessory according to an embodiment of the present inven-
tion;

[0038] FIG. 7A and FIG. 7B illustrate the gaming acces-
sory of FIG. 6A and FIG. 6B;

[0039] FIG. 8A and FIG. 8B illustrate another gaming
accessory according to an embodiment of the present inven-
tion;

[0040] FIG. 9A and FIG. 9B illustrate a backside of the
gaming accessory of FIG. 8A and FIG. 8B;

[0041] FIG. 10A and FIG. 10B illustrate the gaming
accessory of FIG. 8A and FIG. 8B;

[0042] FIG. 11 illustrates another gaming accessory
according to an embodiment of the present invention;

[0043] FIG. 12 illustrates the gaming accessory of FIG.
11;
[0044] FIG. 13A and FIG. 13B illustrate the gaming

accessory of FIG. 11;

[0045] FIG. 14 illustrates the gaming accessory of FIG.
11;
[0046] FIG. 15 illustrates another gaming accessory

according to an embodiment of the present invention;
[0047] FIG. 16 illustrates another gaming accessory
according to an embodiment of the present invention;
[0048] FIG. 17 shows a simplified representation of a
wireless charging system incorporating a magnetic align-
ment system according to some embodiments;

[0049] FIG. 18A shows a perspective view of a magnetic
alignment system according to some embodiments, and FIG.
18B shows a cross-section through the magnetic alignment
system of FIG. 18A;

[0050] FIG. 19A shows a perspective view of a magnetic
alignment system according to some embodiments, and FIG.
19B shows a cross-section through the magnetic alignment
system of FIG. 19A;
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[0051] FIG. 20 shows a simplified top-down view of a
secondary alignment component according to some embodi-
ments;

[0052] FIG. 21A shows a perspective view of a magnetic
alignment system according to some embodiments, and FIG.
21B shows an axial cross-section view through a portion of
the system of FIG. 21A, while FIGS. 21C through 21E show
examples of arcuate magnets with radial magnetic orienta-
tion according to some embodiments;

[0053] FIGS. 22A and 22B show graphs of force profiles
for different magnetic alignment systems, according to some
embodiments;

[0054] FIG. 23 shows a simplified top-down view of a
secondary alignment component according to some embodi-
ments;

[0055] FIG. 24A shows a perspective view of a magnetic
alignment system according to some embodiments, and
FIGS. 24B and 24C show axial cross-section views through
different portions of the system of FIG. 24A;

[0056] FIGS. 25A and 25B show simplified top-down
views of secondary alignment components according to
various embodiments;

[0057] FIG. 26 shows a simplified top-down view of a
secondary alignment component according to some embodi-
ments;

[0058] FIG. 27 shows an example of a portable electronic
device and an accessory incorporating a magnetic alignment
system with an annular alignment component and a rota-
tional alignment component according to some embodi-
ments;

[0059] FIGS. 28A and 28B show an example of rotational
alignment according to some embodiments;

[0060] FIGS. 29A and 29B show a perspective view and
a top view of a rotational alignment component having a
“z-pole” configuration according to some embodiments;
[0061] FIGS. 30A and 30B show a perspective view and
a top view of a rotational alignment component having a
“quad pole” configuration according to some embodiments;
[0062] FIGS. 31A and 31B show a perspective view and
a top view of a rotational alignment component having an
“annulus design” configuration according to some embodi-
ments;

[0063] FIGS. 32A and 32B show a perspective view and
a top view of a rotational alignment component having a
“triple pole” configuration according to some embodiments;
[0064] FIG. 33 shows graphs of torque as a function of
angular rotation for magnetic alignment systems having
rotational alignment components according to various
embodiments;

[0065] FIG. 34 shows a portable electronic device having
an alignment system with multiple rotational alignment
components according to some embodiments;

[0066] FIG. 35 shows a simplified representation of a
wireless charging system incorporating a magnetic align-
ment system according to some embodiments;

[0067] FIG. 36A shows a perspective view of a magnetic
alignment system according to some embodiments, and FIG.
36B shows a cross-section through the magnetic alignment
system of FIG. 36A;

[0068] FIG. 37A shows a perspective view of a magnetic
alignment system according to some embodiments, and FIG.
37B shows a cross-section through the magnetic alignment
system of FIG. 37A;
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[0069] FIGS. 38A through 38C illustrate moving magnets
according to an embodiment of the present invention;
[0070] FIGS. 39A and 39B illustrate a moving magnetic
structure according to an embodiment of the present inven-
tion;

[0071] FIGS. 40A and 40B illustrate a moving magnetic
structure according to an embodiment of the present inven-
tion;

[0072] FIGS. 41 through FIG. 43 illustrate a moving
magnetic structure according to an embodiment of the
present invention;

[0073] FIG. 44 illustrates a normal force between a first
magnet in a first electronic device and a second magnet in a
second electronic device;

[0074] FIG. 45 illustrates a shear force between a first
magnet in a first electronic device and a second magnet in a
second electronic device;

[0075] FIG. 46 shows an exploded view of a wireless
charger device incorporating an NFC tag circuit according to
some embodiments;

[0076] FIG. 47 shows a partial cross-section view of
wireless charger device according to some embodiments;
[0077] FIG. 48 shows an example of an accessory device
incorporating an auxiliary alignment component with an
NFC tag circuit and coil according to some embodiments;
and

[0078] FIG. 49 shows a flow diagram of a process that can
be implemented in a portable electronic device according to
some embodiments.

DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

[0079] FIG. 1 illustrates a gaming accessory according to
an embodiment of the present invention. This figure, as with
the other figures, is shown for illustrative purposes and does
not limit either the possible embodiments of the present
invention or the claims.

[0080] Gaming accessory 100 can include back panel or
tray 110 supporting electronic device 190. Back panel or tray
110 (referred to herein as tray 110) can cover some or all of
a back side (not shown) of electronic device 190. Tray 110
can further cover some or all of sides of electronic device
190, leaving a screen 192 on a front side of electronic device
190 at least largely unobstructed. Gaming accessory 100 can
further include first game controller 120. First game con-
troller 120 can include a tab (not shown) on side 122 that can
fit in a slot (not shown) on side 112 of tray 110. First game
controller 120 can include user-interface control 124, which
can be a directional joystick, a button array, a shoulder
button, or other user-interface control. Gaming accessory
100 can further include second game controller 130. Second
game controller 130 can include a tab (not shown) on side
132 that can fit in a slot (not shown) on side 114 of tray 110.
Second game controller 130 can include user-interface con-
trol 134, which can be a directional joystick, a button array,
a shoulder button, or other user-interface control.

[0081] Gaming accessory 100 can provide an improved
gaming functionality for electronic device 190. Specifically,
in this configuration, first game controller 120 and second
game controller 130 can be on sides of tray 110, thereby
allowing screen 192 of electronic device 190 to remain at
least largely unobstructed. First game controller 120 and
second game controller 130 can easily be removed. Tray 110
can be used as a case or protective cover for electronic
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device 190 when first game controller 120 and second game
controller 130 are removed. This configuration can provide
a small and efficient form factor for gaming accessory 100.

[0082] Again, first game controller 120 can include a tab
on side 122 that fits in a slot on side 112 of tray 110.
Similarly, second game controller 130 can include a tab on
side 114 that fits in a slot on side one 14 of tray 110. Contacts
on each tab can mate with corresponding contacts in slots on
sides of tray 110. One or more of these contacts can be
spring biased or other types of contacts. Alternatively, first
game controller 120 can magnetically attach to tray 110 at
side 112. Similarly, second game controller 130 can mag-
netically attach to tray 110 at side 114.

[0083] Gaming accessory 100 can readily attach to elec-
tronic device 190. For example, tray 110 can fit around
electronic device 190. Alternatively, tray 110 can magneti-
cally attach to electronic device 190. This can be particularly
true when tray 110 has a cover or back panel configuration.
Tray 110 can include a magnet that can be attracted to a
corresponding magnet in electronic device 190. Tray 110
can also or instead include a number of magnets that can be
attracted to a corresponding number of magnets an elec-
tronic device 190. Tray 110 can also or instead include a
magnet array that can be attracted to a corresponding magnet
array in electronic device 190. For example, tray 110 can
include a magnet array such as primary magnetic alignment
component 1716 (shown in FIG. 17) while electronic device
190 can include a magnet array such as secondary magnetic
alignment component 1718 (shown in FIG. 17) or any of the
other alignment components shown herein. Alternatively,
tray 110 can include a pass-through magnet array. The use of
a pass-through magnet array can allow electronic device 190
or gaming accessory 100 to be charged while gaming
accessory 100 is attached to electronic device 190. For
example, tray 110 can include an auxiliary magnet array
such as auxiliary alignment component 3770 (shown in FIG.
37A.) These magnets in the magnet array in tray 110 can be
fixed in position or they can move to increase a magnetic
attraction to electronic device 190. For example, they can
move closer to a top surface of tray 110 and nearer electronic
device 190 when tray 110 is or is about to be attached to
electronic device 190. Examples of moving magnet arrays
are shown below in FIG. 38 through FIG. 45 below. Gaming
accessory 100 can further include an additional alignment
feature, where the alignment feature can align gaming
accessory 100 in a particular orientation relative to elec-
tronic device 190. The alignment feature can include mag-
nets in the magnet array. The alignment feature can also or
instead be additional magnets that are separate and spaced
apart from the magnet array. For example, gaming accessory
100 can include secondary rotational alignment component
2724 (shown in FIG. 27) or other alignment component such
as those shown in FIGS. 28-32, while electronic device 190
can include primary rotational alignment component 2722
(shown in FIG. 27) or other alignment component such as
those shown in FIGS. 28-32.

[0084] Further circuits and components can be included to
improve the usefulness of gaming accessory 100. For
example, tray 110 can include near field communications
circuitry. Near field communications circuitry in electronic
device 190 can detect the presence of the near field com-
munications circuitry in tray 110. From this, electronic
device 190 can determine that it is attached to tray 110 and
can enter a gaming mode of operation.
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[0085] These near-field communication circuits can also
provide data from gaming accessory 100 to electronic device
190, and from electronic device 190 to gaming accessory
100. Current can be provided to a near-field communication
coil in electronic device 190. This current can generate a
magnetic field. A tag coupled to a near-field communication
coil in gaming accessory 100 can provide a time-varying
impedance to the magnet field in order to transmit data. The
variation in the magnetic field can be detected by the
near-field communication circuitry in the electronic device
190. From this, the data transmitted by gaming accessory
100 can be read by electronic device 190. Data can similarly
be transmitted from electronic device 190 to gaming acces-
sory 100 Gaming accessory 100 can include a near-field
communication coil such as NFC coil 4664 (shown in FIG.
46.)

[0086] Data can also or instead be transferred from gam-
ing accessory 100 to electronic device 190 using charging
circuitry. For example, control circuitry in gaming accessory
100 can generate currents in a coil of gaming accessory 100.
These currents can generate a time-varying magnetic field
that can be modulated. The modulation can be in amplitude,
phase, frequency, or other parameter. The modulated time-
varying magnetic field can induce currents in a correspond-
ing coil in electronic device 190. Control circuitry in elec-
tronic device 190 can receive the induced currents and
recover data transmitted by gaming accessory 100. Gaming
accessory 100 can include a charging coil such as wireless
transmitter coil 4612 (shown in FIG. 46) and control cir-
cuitry such as control circuitry 4614 (shown in FIG. 46) that
can be used in transmitting data. Data can similarly be
transferred from electronic device 190 to gaming accessory
100.

[0087] Data can also or instead be transferred from gam-
ing accessory 100 to electronic device 190 using Bluetooth
or other wireless protocol. Data can similarly be transferred
from electronic device 190 to gaming accessory 100.
[0088] Various types of data can be transferred between
gaming accessory 100 and electronic device 190. For
example, button press information, pressure information,
directional information, and other types of information can
be sent from first game controller 120, second game con-
troller 130, or tray 110 of gaming accessory 100 to electronic
device 190. Battery charge status and other status informa-
tion can also be sent from gaming accessory 100 to elec-
tronic device 190. Electronic device 190 can provide infor-
mation to gaming accessory 100 for the illumination of
light-emitting diodes on gaming accessory 100, as well as
other types of information.

[0089] In these and other embodiments of the present
invention, power can be provided to gaming accessory 100
in various ways. For example, gaming accessory 100 can
receive wired power. Gaming accessory 100 can also or
instead receive wireless power. Gaming accessory 100 can
receive wired power through a connector receptacle in first
game controller 120, second game controller 130, or tray
110 that can accept a corresponding connector insert
attached to a first end of a cable. A second end of the cable
can be attached to a power source, such as a host device,
electronic device 190, or other charging or other power
source. Gaming accessory 100 can receive wireless power
from the electronic device 190 or other wireless charger. For
example, gaming accessory 100 can include a charging coil
such as wireless transmitter coil 4612 (shown in FIG. 46)
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and control circuitry such as control circuitry 4614 (shown
in FIG. 46) that allow gaming accessory 100 to be induc-
tively charged by either electronic device 190, a wireless
charger, or other charging device. Power can be stored in one
or more batteries that can be housed in one or more of the
tray 110, first game controller 120, and second game con-
troller 130.

[0090] In this example, first game controller 120 can be
attached to side 112 of tray 110, while second game con-
troller 130 can be attached to an opposing side 114 of tray
110. In this configuration, games can be played in a land-
scape orientation. Other configurations are possible. For
example, first game controller 120 can be attached to side
116 of tray 110. Side 116 of tray 110 can be adjacent to side
112 and side 114 of tray 110. Second game controller 130
can be attached to side 118 of tray 110, where side 116 of
tray 110 and side 118 of tray 110 are opposing sides. An
example is shown in the following figure.

[0091] FIG. 2 illustrates the gaming accessory of FIG. 1.
In this configuration, first game controller 120 can be
attached to side 116 of tray 110. Second game controller 130
can be attached to side 118 of tray 110. In this configuration,
first game controller 120 and second game controller 130
can be on sides of electronic device 190, thereby leaving
screen 192 at least largely unobstructed. In this configura-
tion, games can be played in a portrait mode using gaming
accessory 300.

[0092] In these examples, electronic device 190 can be a
smart phone, tablet, wearable computing device, or other
electronic device. In these and other embodiments of the
present invention, a larger screen of a tablet can encourage
additional functionality, though this additional functionality
can be provided when using a smart phone, wearable com-
puting device, or other electronic device as well. Examples
are shown in the following figure.

[0093] FIG. 3 illustrates another gaming accessory accord-
ing to an embodiment of the present invention. Gaming
accessory 300 can include tray 140 supporting electronic
device 390. Tray 140 can be similar to tray 110 (shown in
FIG. 1.) Tray 140 can be a back panel, cover, or tray that can
at least partially cover a backside of electronic device 390.
Tray 140 can further cover sides of electronic device 390.
First game controller 120 can be attached to side 142 of tray
140, while second game controller 130 can be attached to
side 144 of tray 140.

[0094] In this example, electronic device 390 can be a
tablet computing device having a relatively larger screen
392. The relatively larger screen 392 can be subdivided to
show two or more types of information. These two or more
types of information can be provided by one, two, or more
than two different applications. The division on the screen
can be determined by the positions of first game controller
120 and second game controller along their corresponding
sides of tray 140. In this example, first game controller 120
can be attached to side 142 of tray 140 at location 143, while
second game controller 130 can be attached to side 144 of
tray 140 at location 145. This can cause screen 392 to be
subdivided into screen portion 394 and screen portion 396.
Screen portion 394 and screen portion 396 can convey
different types of information, where the different types of
information are provided by the same or different sources or
applications. In these and other embodiments of the present
invention, first game controller 120 can connect to tray 110
at side 146, while second game controller 130 can connect

Mar. 31, 2022

to tray 110 at side 148. While in this example, tray 140 is
shown as substantially covering a backside of electronic
device 390, in these and other embodiments of the present
invention, tray 140 can extend from first game controller 120
to second game controller 130 thereby covering only a
portion of a backside of electronic device 390. For example,
tray 140 can cover a portion of a backside of electronic
device 390 that at least approximately aligns with screen
portion 396.

[0095] FIG. 4A and FIG. 4B illustrate another gaming
accessory according to an embodiment of the present inven-
tion. Gaming accessory 400 can include tray 410 to support
electronic device 490 having screen 492. Tray 410 can form
back panel, cover, or tray for electronic device 490. For
example, tray 410 can cover some or all of a back side of
electronic device 490. Tray 410 can further cover some or all
of sides of electronic device 490. Tray 410 can further be
attached to sliding game controller 420. Sliding game con-
troller 420 can slide between two positions. Game controller
420 can be in a first position under tray 410 as shown in FIG.
4A. In this configuration, tray 410 and game controller 420
can be aligned. This aligned arrangement can provide an
efficient form factor for transport of electronic device 490
and gaming accessory 400. Game controller 420 can also be
in a second position partially out from under tray 410 such
that user-input controls 430 and 432 on portion 422 are
exposed. Game controller 420 can include hinge 423 to
allow portion 422 of game controller 420 to be angled at a
desirable position.

[0096] Gaming accessory 400 can readily attach to elec-
tronic device 490. For example, tray 410 can fit around
electronic device 490 leaving screen 492 at least largely
unobstructed. Alternatively, tray 410 can magnetically
attach to electronic device 490. This can be particularly true
when tray 410 has a cover or back panel configuration. Tray
410 can include a magnet that can be attracted to a corre-
sponding magnet in electronic device 490. Tray 410 can also
or instead include a number of magnets that can be attracted
to a corresponding number of magnets an electronic device
490. Tray 410 can also or instead include a magnet array that
can be attracted to a corresponding magnet array in elec-
tronic device 490. For example, tray 410 can include a
magnet array such as primary magnetic alignment compo-
nent 1716 (shown in FIG. 17) while electronic device 490
can include a magnet array such as secondary magnetic
alignment component 1718 (shown in FIG. 17) or any of the
other alignment components shown herein. Alternatively,
tray 410 can include a pass-through magnet array. The use
of a pass-through magnet array can allow electronic device
490 or gaming accessory 400 to be charged while gaming
accessory 400 is attached to electronic device 490. For
example, tray 410 can include an auxiliary magnet array
such as auxiliary alignment component 3770 (shown in FIG.
37A.) These magnets in the magnet array in tray 410 can be
fixed in position or they can move to increase a magnetic
attraction to electronic device 490. For example, they can
move closer to a top surface of tray 410 and nearer electronic
device 490 when tray 410 is or is about to be attached to
electronic device 490. Examples of moving magnet arrays
are shown below in FIG. 38 through FIG. 45 below. Gaming
accessory 400 can further include an additional alignment
feature, where the alignment feature can align gaming
accessory 400 in a particular orientation relative to elec-
tronic device 490. The alignment feature can include mag-
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nets in the magnet array. The alignment feature can also or
instead be additional magnets that are separate and spaced
apart from the magnet array. For example, gaming accessory
400 can include secondary rotational alignment component
2724 (shown in FIG. 27) or other alignment component such
as those shown in FIGS. 28-32, while electronic device 490
can include primary rotational alignment component 2722
(shown in FIG. 27) or other alignment component such as
those shown in FIGS. 28-32.

[0097] Further circuits and components can be included to
improve the usefulness of gaming accessory 400. For
example, tray 410 can include near field communications
circuitry. Near field communications circuitry in electronic
device 490 can detect the presence of the near field com-
munications circuitry in tray 410. From this, electronic
device 490 can determine that it is attached to tray 410 and
can enter a gaming mode of operation.

[0098] These near-field communication circuits can also
provide data from gaming accessory 400 to electronic device
490, and from electronic device 490 to gaming accessory
400. Current can be provided to a near-field communication
coil in electronic device 490. This current can generate a
magnetic field. A tag coupled to a near-field communication
coil in gaming accessory 400 can provide a time-varying
impedance to the magnet field in order to transmit data. The
variation in the magnetic field can be detected by the
near-field communication circuitry in the electronic device
490. From this, the data transmitted by gaming accessory
400 can be read by electronic device 490. Data can similarly
be transmitted from electronic device 490 to gaming acces-
sory 400 Gaming accessory 400 can include a near-field
communication coil such as NFC coil 4664 (shown in FIG.
46.)

[0099] Data can also or instead be transferred from gam-
ing accessory 400 to electronic device 490 using charging
circuitry. For example, control circuitry in gaming accessory
400 can generate currents in a coil of gaming accessory 400.
These currents can generate a time-varying magnetic field
that can be modulated. The modulation can be in amplitude,
phase, frequency, or other parameter. The modulated time-
varying magnetic field can induce currents in a correspond-
ing coil in electronic device 490. Control circuitry in elec-
tronic device 490 can receive the induced currents and
recover data transmitted by gaming accessory 400. Gaming
accessory 400 can include a charging coil such as wireless
transmitter coil 4612 (shown in FIG. 46) and control cir-
cuitry such as control circuitry 4614 (shown in FIG. 46) that
can be used in transmitting data. Data can similarly be
transferred from electronic device 490 to gaming accessory
400.

[0100] Data can also or instead be transferred from gam-
ing accessory 400 to electronic device 490 using Bluetooth
or other wireless protocol. Data can similarly be transferred
from electronic device 490 to gaming accessory 400.

[0101] Various types of data can be transferred between
gaming accessory 400 and electronic device 490. For
example, button press information, pressure information,
directional information, and other types of information can
be sent from game controller 420 or other portion of gaming
accessory 400 to electronic device 490. Battery charge status
and other status information can also be sent from gaming
accessory 400 to electronic device 490. Electronic device
490 can provide information to gaming accessory 400 for
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the illumination of light-emitting diodes on gaming acces-
sory 400, as well as other types of information.

[0102] In these and other embodiments of the present
invention, power can be provided to gaming accessory 400
in various ways. For example, gaming accessory 400 can
receive wired power. Gaming accessory 400 can also or
instead receive wireless power. Gaming accessory 400 can
receive wired power through a connector receptacle in game
controller 420 or tray 410 that can accept a corresponding
connector insert attached to a first end of a cable. A second
end of the cable can be attached to a power source, such as
a host device, electronic device 490, or other charging or
other power source. Gaming accessory 400 can receive
wireless power from the electronic device 490 or other
wireless charger. For example, gaming accessory 400 can
include a charging coil such as wireless transmitter coil 4612
(shown in FIG. 46) and control circuitry such as control
circuitry 4614 (shown in FIG. 46) that allow gaming acces-
sory 400 to be inductively charged by either electronic
device 490, a wireless charger, or other charging device.
Power can be stored in one or more batteries that can be
housed in one or more of tray 410 and game controller 420.
[0103] FIG. 5A and FIG. 5B illustrate another game
controller according to an embodiment of the present inven-
tion. Gaming accessory 500 can have an efficient form factor
as a folio including tray 510 and game controller 520. Tray
510 can support electronic device 590. Tray 510 can be a
back panel or tray that can cover at least a portion of a back
side of electronic device 590. Tray 510 can also cover sides
of electronic device 590, thereby leaving screen 592 at least
largely unobstructed. Tray 510 can be attached to game
controller 520 through hinge 514. Hinge 514 can include
portion 512, the can be used to prop up electronic device 590
when game controller 520 is resting on a flat surface.
[0104] Game controller 520 can include one or more
user-input controls, shown here as user-input controls 530
and 532. User-input controls 530 and 532, as with the other
user-input controls shown herein, can include directional or
D pads, joysticks, button pads, or other user-input controls.
Game controller 520 can provide a cover for screen 592 of
electronic device 590 when gaming accessory 500 is in a
closed position, as shown in FIG. 5B. Game controller 520
can further include openings 540. Openings 540 can be
aligned with images or icons 594 on screen 592 of electronic
device 590. Obscured portions of screen 592 not aligned
with openings 540 can be off to reduce power dissipation in
electronic device 590.

[0105] In this way, functionality of electronic device 590
can be accessed even when the folio forming gaming
accessory 500 is closed. For example, icon 594 can be
touched in order to make a phone call, while calendar
information can be accessed by touching icon 595. These
icons can be replaced by images for a game by pressing
gaming icon 596. Game play can then proceed with the
touching of icons 595 in openings 540 controlling the
gaming action.

[0106] Gaming accessory 500 can readily attach to elec-
tronic device 590. For example, tray 510 can fit around
electronic device 590. Alternatively, tray 510 can magneti-
cally attach to electronic device 590. This can be particularly
true when tray 510 has a cover or back panel configuration.
Tray 510 can include a magnet that can be attracted to a
corresponding magnet in electronic device 590. Tray 510
can also or instead include a number of magnets that can be
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attracted to a corresponding number of magnets an elec-
tronic device 590. Tray 510 can also or instead include a
magnet array that can be attracted to a corresponding magnet
array in electronic device 590. For example, tray 510 can
include a magnet array such as primary magnetic alignment
component 1716 (shown in FIG. 17) while electronic device
590 can include a magnet array such as secondary magnetic
alignment component 1718 (shown in FIG. 17) or any of the
other alignment components shown herein. Alternatively,
tray 510 can include a pass-through magnet array. The use
of a pass-through magnet array can allow electronic device
590 or gaming accessory 500 to be charged while gaming
accessory 500 is attached to electronic device 590. For
example, tray 510 can include an auxiliary magnet array
such as auxiliary alignment component 3770 (shown in FIG.
37A.) These magnets in the magnet array in tray 510 can be
fixed in position or they can move to increase a magnetic
attraction to electronic device 590. For example, they can
move closer to a top surface of tray 510 and nearer electronic
device 590 when tray 510 is or is about to be attached to
electronic device 590. Examples of moving magnet arrays
are shown below in FIG. 38 through FIG. 55 below. Gaming
accessory 500 can further include an additional alignment
feature, where the alignment feature can align gaming
accessory 500 in a particular orientation relative to elec-
tronic device 590. The alignment feature can include mag-
nets in the magnet array. The alignment feature can also or
instead be additional magnets that are separate and spaced
apart from the magnet array. For example, gaming accessory
500 can include secondary rotational alignment component
2724 (shown in FIG. 27) or other alignment component such
as those shown in FIGS. 28-32, while electronic device 590
can include primary rotational alignment component 2722
(shown in FIG. 27) or other alignment component such as
those shown in FIGS. 28-32.

[0107] Further circuits and components can be included to
improve the usefulness of gaming accessory 500. For
example, tray 510 can include near field communications
circuitry. Near field communications circuitry in electronic
device 590 can detect the presence of the near field com-
munications circuitry in tray 510. From this, electronic
device 590 can determine that it is attached to tray 510 and
can enter a gaming mode of operation.

[0108] These near-field communication circuits can also
provide data from gaming accessory 500 to electronic device
590, and from electronic device 590 to gaming accessory
500. Current can be provided to a near-field communication
coil in electronic device 590. This current can generate a
magnetic field. A tag coupled to a near-field communication
coil in gaming accessory 500 can provide a time-varying
impedance to the magnet field in order to transmit data. The
variation in the magnetic field can be detected by the
near-field communication circuitry in the electronic device
590. From this, the data transmitted by gaming accessory
500 can be read by electronic device 590. Data can similarly
be transmitted from electronic device 590 to gaming acces-
sory 500 Gaming accessory 500 can include a near-field
communication coil such as NFC coil 4664 (shown in FIG.
46.)

[0109] Data can also or instead be transferred from gam-
ing accessory 500 to electronic device 590 using charging
circuitry. For example, control circuitry in gaming accessory
500 can generate currents in a coil of gaming accessory 500.
These currents can generate a time-varying magnetic field
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that can be modulated. The modulation can be in amplitude,
phase, frequency, or other parameter. The modulated time-
varying magnetic field can induce currents in a correspond-
ing coil in the electronic device. Control circuitry in elec-
tronic device 590 can receive the induced currents and
recover data transmitted by gaming accessory 100. Gaming
accessory 500 can include a charging coil such as wireless
transmitter coil 4612 (shown in FIG. 46) and control cir-
cuitry such as control circuitry 4614 (shown in FIG. 46) that
can be used in transmitting data. Data can similarly be
transferred from electronic device 590 to gaming accessory
500.

[0110] Data can also or instead be transferred from gaming
accessory 500 to electronic device 590 using Bluetooth or
other wireless protocol. Data can similarly be transferred
from electronic device 590 to gaming accessory 500.
[0111] Various types of data can be transferred between
gaming accessory 500 and electronic device 590. For
example, button press information, pressure information,
directional information, and other types of information can
be sent from game controller 520 of gaming accessory 500
to electronic device 590. Battery charge status and other
status information can also be sent from gaming accessory
500 to electronic device 590. Electronic device 590 can
provide information to gaming accessory 500 for the illu-
mination of light-emitting diodes on gaming accessory 500,
as well as other types of information.

[0112] In these and other embodiments of the present
invention, power can be provided to gaming accessory 500
in various ways. For example, gaming accessory 500 can
receive wired power. Gaming accessory 500 can also or
instead receive wireless power. Gaming accessory 500 can
receive wired power through a connector receptacle in game
controller 520 or tray 510 that can accept a corresponding
connector insert attached to a first end of a cable. A second
end of the cable can be attached to a power source, such as
a host device, charging or other power source. Gaming
accessory 500 can receive wireless power from the elec-
tronic device 590 or other wireless charger. For example,
gaming accessory 500 can include a charging coil such as
wireless transmitter coil 4612 (shown in FIG. 46) and
control circuitry such as control circuitry 4614 (shown in
FIG. 46) that allow gaming accessory 500 to be inductively
charged by either electronic device 590, a wireless charger,
or other charging device. Power can be stored in one or more
batteries that can be housed in one or more of tray 510 and
game controller 520.

[0113] FIG. 6A and FIG. 6B illustrate another gaming
accessory according to an embodiment of the present inven-
tion. Gaming accessory 600 can have an efficient form factor
as a folio that includes tray 610 and game controller 620.
Tray 610 can support electronic device 690. Tray 610 can be
aback panel or tray that can cover at least a portion of a back
side of electronic device 690. Tray 610 can also cover sides
of electronic device 690, thereby leaving screen 692 at least
largely unobstructed. Tray 610 can be attached to game
controller 620 through hinge 612, cover portion 650, and
hinge 614. Cover portion 650 and game controller 620 can
include cutout 640. Cutout 640 can expose a section 694 of
screen 692 of electronic device 690 when game controller
620 and cover portion 650 are closed over screen 692 of
electronic device 690.

[0114] As shown in FIG. 6A, when the folio of gaming
accessory 600 is open, game controller 620 can be folded



US 2022/0096923 Al

over cover portion 650 along hinge 614. This can position
user-interface controls 630 and 632 where they can be easily
manipulated to control game action on the screen 692 of
electronic device 690. Cutout 640 can be used to improve a
game player’s grip. As shown in FIG. 6B, when the folio of
gaming accessory 600 is closed, game controller 620 can be
located on a top surface of electronic device 690. Cutout 640
can expose section 694 of screen 692 of electronic device
690. The remaining sections of screen 692 that are not
exposed by cutout 640 can be turned off to reduce power
consumption of electronic device 690. User-interface con-
trols 630 and 632 on game controller 620 can be manipu-
lated to control gameplay and other information 695 dis-
played on section 694 of screen 692.

[0115] FIG. 7A and FIG. 7B illustrate the gaming acces-
sory of FIG. 6A and FIG. 6B. As before, tray 610 can support
electronic device 690, leaving screen 692 at least largely
unobstructed. In FIG. 7A, game controller 620 and cover
portion 650 can be opened along hinge 612. Game controller
620 can be folded over cover portion 650 along hinge 614
as shown, thereby positioning user-interface controls 630
and 632 where they may be manipulated to control game-
play on screen 692 of electronic device 690. In FIG. 7B,
game controller 620 and cover portion 650 can be positioned
on screen 692 of electronic device 690. Game controller 620
and cover portion 650 can include cut out 640. Cut out 640
can again expose section 694 of screen 692 of electronic
device 690.

[0116] Gaming accessory 600 can readily attach to elec-
tronic device 690. For example, tray 610 can fit around
electronic device 690. Alternatively, tray 610 can magneti-
cally attach to electronic device 690. This can be particularly
true when tray 610 has a cover or back panel configuration.
Tray 610 can include a magnet that can be attracted to a
corresponding magnet in electronic device 690. Tray 610
can also or instead include a number of magnets that can be
attracted to a corresponding number of magnets an elec-
tronic device 690. Tray 610 can also or instead include a
magnet array that can be attracted to a corresponding magnet
array in electronic device 690. For example, tray 610 can
include a magnet array such as primary magnetic alignment
component 1716 (shown in FIG. 17) while electronic device
690 can include a magnet array such as secondary magnetic
alignment component 1718 (shown in FIG. 17) or any of the
other alignment components shown herein. Alternatively,
tray 610 can include a pass-through magnet array. The use
of a pass-through magnet array can allow electronic device
690 or gaming accessory 600 to be charged while gaming
accessory 600 is attached to electronic device 690. For
example, tray 610 can include an auxiliary magnet array
such as auxiliary alignment component 3770 (shown in FIG.
37A.) These magnets in the magnet array in tray 610 can be
fixed in position or they can move to increase a magnetic
attraction to electronic device 690. For example, they can
move closer to a top surface of tray 610 and nearer electronic
device 690 when tray 610 is or is about to be attached to
electronic device 690. Examples of moving magnet arrays
are shown below in FIG. 38 through FIG. 55 below. Gaming
accessory 600 can further include an additional alignment
feature, where the alignment feature can align gaming
accessory 600 in a particular orientation relative to elec-
tronic device 690. The alignment feature can include mag-
nets in the magnet array. The alignment feature can also or
instead be additional magnets that are separate and spaced
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apart from the magnet array. For example, gaming accessory
600 can include secondary rotational alignment component
2724 (shown in FIG. 27) or other alignment component such
as those shown in FIGS. 28-32, while electronic device 690
can include primary rotational alignment component 2722
(shown in FIG. 27) or other alignment component such as
those shown in FIGS. 28-32.

[0117] Further circuits and components can be included to
improve the usefulness of gaming accessory 600. For
example, tray 610 can include near field communications
circuitry. Near field communications circuitry in electronic
device 690 can detect the presence of the near field com-
munications circuitry in tray 610. From this, electronic
device 690 can determine that it is attached to tray 610 and
can enter a gaming mode of operation.

[0118] These near-field communication circuits can also
provide data from gaming accessory 600 to electronic device
690, and from electronic device 690 to gaming accessory
600. Current can be provided to a near-field communication
coil in electronic device 690. This current can generate a
magnetic field. A tag coupled to a near-field communication
coil in gaming accessory 600 can provide a time-varying
impedance to the magnet field in order to transmit data. The
variation in the magnetic field can be detected by the
near-field communication circuitry in the electronic device
690. From this, the data transmitted by gaming accessory
600 can be read by electronic device 690. Data can similarly
be transmitted from electronic device 690 to gaming acces-
sory 600 Gaming accessory 600 can include a near-field
communication coil such as NFC coil 4664 (shown in FIG.
46.)

[0119] Data can also or instead be transferred from gaming
accessory 600 to electronic device 690 using charging
circuitry. For example, control circuitry in gaming accessory
600 can generate currents in a coil of gaming accessory 600.
These currents can generate a time-varying magnetic field
that can be modulated. The modulation can be in amplitude,
phase, frequency, or other parameter. The modulated time-
varying magnetic field can induce currents in a correspond-
ing coil in electronic device 690. Control circuitry in elec-
tronic device 690 can receive the induced currents and
recover data transmitted by gaming accessory 600. Gaming
accessory 600 can include a charging coil such as wireless
transmitter coil 4612 (shown in FIG. 46) and control cir-
cuitry such as control circuitry 4614 (shown in FIG. 46) that
can be used in transmitting data. Data can similarly be
transferred from electronic device 690 to gaming accessory
600.

[0120] Data can also or instead be transferred from gam-
ing accessory 600 to electronic device 690 using Bluetooth
or other wireless protocol. Data can similarly be transferred
from electronic device 690 to gaming accessory 600.

[0121] Various types of data can be transferred between
gaming accessory 600 and electronic device 690. For
example, button press information, pressure information,
directional information, and other types of information can
be sent from game controller 620 of gaming accessory 600
to electronic device 690. Battery charge status and other
status information can also be sent from gaming accessory
600 to electronic device 690. Electronic device 690 can
provide information to gaming accessory 600 for the illu-
mination of light-emitting diodes on gaming accessory 600,
as well as other types of information.
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[0122] In these and other embodiments of the present
invention, power can be provided to gaming accessory 600
in various ways. For example, gaming accessory 600 can
receive wired power. Gaming accessory 600 can also or
instead receive wireless power. Gaming accessory 600 can
receive wired power through a connector receptacle in game
controller 620 or tray 610 that can accept a corresponding
connector insert attached to a first end of a cable. A second
end of the cable can be attached to a power source, such as
a host device, charging or other power source. Gaming
accessory 600 can receive wireless power from the elec-
tronic device 690 or other wireless charger. For example,
gaming accessory 600 can include a charging coil such as
wireless transmitter coil 4612 (shown in FIG. 46) and
control circuitry such as control circuitry 4614 (shown in
FIG. 46) that allow gaming accessory 600 to be inductively
charged by either electronic device 690, a wireless charger,
or other charging device. Power can be stored in one or more
batteries that can be housed in one or more of tray 610 and
game controller 620.

[0123] FIG. 8A and FIG. 8B illustrate another gaming
accessory according to an embodiment of the present inven-
tion. Gaming accessory 800 can have an efficient form factor
by having a profile that is at least similar to a profile of an
electronic device. For example, gaming accessory 800 can
include a base 810, first game controller 820, and second
game controller 830. As shown in FIG. 8A, first game
controller 820 can be in a first position adjacent to base 810
and adjacent to a back side of electronic device 890.
Similarly, second game controller 830 can also be in a first
position adjacent to base 810 and adjacent to a back side of
electronic device 890. When first game controller 820 and
second game controller 830 are in this first position, gaming
accessory 800 can have a profile that is similar to a profile
for electronic device 890. That is, and outer perimeter of
gaming accessory 800 can be at least approximately coin-
cident with an outer perimeter of electronic device 890. As
shown in FIG. 8B, first game controller 820 can move to a
second position away from base 810. This can expose
user-interface control 824 where it can be manipulated to
control gameplay on screen 892 of electronic device 890.
Similarly, second game controller 830 can move to a second
position away from base 810. This can expose user-interface
control 834, where it can be manipulated to control game-
play on screen 892 of electronic device 890.

[0124] FIG. 9A and FIG. 9B illustrate a backside of the
gaming accessory of FIG. 8A and FIG. 8B. In FIG. 9A, first
game controller 820 can be in a first position adjacent to base
810. Second game controller 830 can be in a first position
adjacent to base 810. In this configuration, the closed
gaming accessory 800 can have a similar profile or perimeter
as electronic device 890. In FIG. 9B, first game controller
820 can be moved to a second position away from base 810.
First game controller 820 can slide along plate 822. Plate
822 can be attached to first game controller 820 and can slide
in and out of base 810. Alternatively, plate 822 can be
attached to base 810 and can slide in and out of first game
controller 820. Alternatively, plate 822 can float and can
slide in and out of first game controller 820 and base 810.
Similarly, plate 832 can be attached second game controller
830 and can slide in and out of base 810. Alternatively, plate
832 can be attached to base 810 and can slide in and out of
second game controller 830. Alternatively, plate 832 can
float and can slide in and out of second game controller 830
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and base 810. Plate 822 can include opening 823 for lenses
or other components 894 on a backside of electronic device
890.

[0125] In this configuration, games can be played in a
landscape orientation. In these and other embodiments of the
present invention, gaming accessory 800 can be used to play
games in a portrait orientation. An example is shown in the
following figure.

[0126] FIG. 10A and FIG. 10B illustrate the gaming
accessory of FIG. 8A and FIG. 8B. In this example, gaming
accessory 800 can be attached to a back side of electronic
device 890. First game controller 820 can be in the first
position adjacent to base 810. Similarly, second game con-
troller 830 can be in the first position adjacent to base 810.
The portrait orientation of electronic device 890 can expose
user-interface controls 824 on first game controller 820 and
user-interface control 834 on second game controller 830.
Lenses or other components 894, as well as screen 892, can
remain at least largely unobstructed by gaming accessory
800.

[0127] Gaming accessory 800 can readily attach to elec-
tronic device 890. For example, base 810 can fit around
electronic device 890. Alternatively, base 810 can magneti-
cally attach to electronic device 890. This can be particularly
true when base 810 has a cover or back panel configuration.
Base 810 can include a magnet that can be attracted to a
corresponding magnet in electronic device 890. Base 810
can also or instead include a number of magnets that can be
attracted to a corresponding number of magnets an elec-
tronic device 890. Base 810 can also or instead include a
magnet array that can be attracted to a corresponding magnet
array in electronic device 890. For example, base 810 can
include a magnet array such as primary magnetic alignment
component 1716 (shown in FIG. 17) while electronic device
890 can include a magnet array such as secondary magnetic
alignment component 1718 (shown in FIG. 17) or any of the
other alignment components shown herein. Alternatively,
base 810 can include a pass-through magnet array. The use
of a pass-through magnet array can allow electronic device
890 or gaming accessory 800 to be charged while gaming
accessory 800 is attached to electronic device 890. For
example, base 810 can include an auxiliary magnet array
such as auxiliary alignment component 3770 (shown in FIG.
37A.) These magnets in the magnet array in base 810 can be
fixed in position or they can move to increase a magnetic
attraction to electronic device 890. For example, they can
move closer to a top surface of base 810 and nearer
electronic device 890 when base 810 is or is about to be
attached to electronic device 890. Examples of moving
magnet arrays are shown below in FIG. 38 through FIG. 55
below. Gaming accessory 800 can further include an addi-
tional alignment feature, where the alignment feature can
align gaming accessory 800 in a particular orientation rela-
tive to electronic device 890. The alignment feature can
include magnets in the magnet array. The alignment feature
can also or instead be additional magnets that are separate
and spaced apart from the magnet array. For example,
gaming accessory 800 can include secondary rotational
alignment component 2724 (shown in FIG. 27) or other
alignment component such as those shown in FIGS. 28-32,
while electronic device 890 can include primary rotational
alignment component 2722 (shown in FIG. 27) or other
alignment component such as those shown in FIGS. 28-32.
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[0128] Further circuits and components can be included to
improve the usefulness of gaming accessory 800. For
example, base 810 can include near field communications
circuitry. Near field communications circuitry in electronic
device 890 can detect the presence of the near field com-
munications circuitry in base 810. From this, electronic
device 890 can determine that it is attached to base 810 and
can enter a gaming mode of operation.

[0129] These near-field communication circuits can also
provide data from gaming accessory 800 to electronic device
890, and from electronic device 890 to gaming accessory
800. Current can be provided to a near-field communication
coil in electronic device 890. This current can generate a
magnetic field. A tag coupled to a near-field communication
coil in gaming accessory 800 can provide a time-varying
impedance to the magnet field in order to transmit data. The
variation in the magnetic field can be detected by the
near-field communication circuitry in the electronic device
890. From this, the data transmitted by gaming accessory
800 can be read by electronic device 890. Data can similarly
be transmitted from electronic device 890 to gaming acces-
sory 800 Gaming accessory 800 can include a near-field
communication coil such as NFC coil 4664 (shown in FIG.
46.)

[0130] Data can also or instead be transferred from gam-
ing accessory 800 to electronic device using charging cir-
cuitry. For example, control circuitry in gaming accessory
800 can generate currents in a coil of gaming accessory 800.
These currents can generate a time-varying magnetic field
that can be modulated. The modulation can be in amplitude,
phase, frequency, or other parameter. The modulated time-
varying magnetic field can induce currents in a correspond-
ing coil in electronic device 890. Control circuitry in elec-
tronic device 890 can receive the induced currents and
recover data transmitted by gaming accessory 800. Gaming
accessory 800 can include a charging coil such as wireless
transmitter coil 4612 (shown in FIG. 46) and control cir-
cuitry such as control circuitry 4614 (shown in FIG. 46) that
can be used in transmitting data. Data can similarly be
transferred from electronic device 890 to gaming accessory
800.

[0131] Data can also or instead be transferred from gam-
ing accessory 800 to electronic device 890 using Bluetooth
or other wireless protocol. Data can similarly be transferred
from electronic device 890 to gaming accessory 800.
[0132] Various types of data can be transferred between
gaming accessory 800 and electronic device 890. For
example, button press information, pressure information,
directional information, and other types of information can
be sent from first game controller 820 and second game
controller of gaming accessory 800 to electronic device 890.
Battery charge status and other status information can also
be sent from gaming accessory 800 to electronic device 890.
Electronic device 890 can provide information to gaming
accessory 800 for the illumination of light-emitting diodes
on gaming accessory 800, as well as other types of infor-
mation.

[0133] In these and other embodiments of the present
invention, power can be provided to gaming accessory 800
in various ways. For example, gaming accessory 800 can
receive wired power. Gaming accessory 800 can also or
instead receive wireless power. Gaming accessory 800 can
receive wired power through a connector receptacle in first
game controller 820 or base 810 that can accept a corre-
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sponding connector insert attached to a first end of a cable.
A second end of the cable can be attached to a power source,
such as a host device, charging or other power source.
Gaming accessory 800 can receive wireless power from the
electronic device 890 or other wireless charger. For
example, gaming accessory 800 can include a charging coil
such as wireless transmitter coil 4612 (shown in FIG. 46)
and control circuitry such as control circuitry 4614 (shown
in FIG. 46) that allow gaming accessory 800 to be induc-
tively charged by either electronic device 890, a wireless
charger, or other charging device. Power can be stored in one
or more batteries that can be housed in one or more of base
810, first game controller 820, and second game controller
830.

[0134] FIG. 11 illustrates another gaming accessory
according to an embodiment of the present invention. Gam-
ing accessory 1100 can have an efficient form factor as a
folio that includes tray 1110 and game controller 1120. Tray
1110 can support electronic device 1190. Tray 1110 can be
aback panel or tray that can cover at least a portion of a back
side of electronic device 1190. Tray 1110 can also cover
sides of electronic device 1190, thereby leaving screen 1192
at least largely unobstructed. Tray 1110 can be attached to
game controller 1120 through hinge 1112.

[0135] Game controller 1120 can include cover screen
1121. Opening 1122 and opening 1124 can be formed in
cover screen 1121. Opening 1122 and opening 1124 can
provide passage for user-interface control 1132 and user-
interface control 1134. User-interface control 1132 and
user-interface control 1134 can themselves have a screen,
display, or icon on a top surface. Cover screen 1121 can act
as a second screen to gameplay action on screen 1192 of
electronic device 1190. Information on cover screen 1121
can be provided by the same or a different application as
information displayed on screen 1192.

[0136] In this configuration, tray 1110 can include portion
1114 attached to hinge 1112. Portion 1114 can fold out away
from a backside of electronic device 1190. Portion 1114 can
act to prop-up electronic device 1190 when game controller
1120 is resting on a flat surface. Other configurations are
possible. Examples are shown in the following figures.
[0137] FIG. 12 illustrates the gaming accessory of FIG.
11. In this example, hinge 1112 can allow gaming accessory
1100 to be opened to a flat position. This configuration can
allow head-to-head competition, where a first game player
can play a game using virtual controls on screen 1192 of
electronic device 1190 and a second game player can play
the game using cover screen 1121 and user-interface con-
trols 1132 and 1134 on game controller 1120. In this
example, screen 1192 and cover screen 1121 can be used as
a single larger virtual screen where gameplay action occurs
on both screens. In other examples, screen 1192 and cover
screen 1121 can be used to show separate images.

[0138] FIG. 13A and FIG. 13B illustrate the gaming
accessory of FIG. 11. In this example, hinge 1112 can allow
screen 1192 of electronic device 1190 and cover screen 1121
of gaming accessory 1100 to face in opposite directions. In
FIG. 13A, a first game player can observe a screen 1192 of
electronic device 1190, while electronic device 1190 is being
used by second game player. In this example, the first game
player can read information about the status of gameplay by
the second game player on screen 1192. In FIG. 13B, the first
game player can manipulate gameplay on cover screen 1121
of gaming accessory 1100 using user-interface control 1132
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and user-interface control 1134. User-interface control 1132
can be positioned in opening 1122 of cover screen 1121.
User-interface control 1134 can be positioned in opening
1124 of cover screen 1121. In this way, the first game player
can play a game holding a first gaming accessory 1100 (as
shown in FIG. 13B) and can observe status or other infor-
mation about a second game player holding a second gaming
accessory 1100 (as shown in FIG. 13A.)

[0139] The two screens, screen 1192 of electronic device
1190, and cover screen 1121 of game controller 1120 can be
used as a single screen as shown in FIG. 12. This can be
useful in gaming applications. This can also be useful in
virtual reality or augmented reality applications. An example
is shown in the following figure.

[0140] FIG. 14 illustrates the gaming accessory of FIG.
11. In this example, screen 1192 of electronic device 1190
and cover screen 1121 of game controller 1120 can be
connected through hinge 1112 and can be used to show a
single virtual reality or augmented reality image. A camera
(not shown) of electronic device 1190 can be used in
generating some or all of the image displayed on screen 1192
and cover screen 1121. A camera (not shown) on a bottom
or side surface of game controller 1120 can be used along
with the camera of electronic device 1190 in forming the
image on either or both screen 1192 and cover screen 1121.

[0141] Gaming accessory 1100 can readily attach to elec-
tronic device 1190. For example, tray 1110 can fit around
electronic device 1190. Alternatively, tray 1110 can mag-
netically attach to electronic device 1190. This can be
particularly true when tray 1110 has a cover or back panel
configuration. Tray 1110 can include a magnet that can be
attracted to a corresponding magnet in electronic device
1190. Tray 1110 can also or instead include a number of
magnets that can be attracted to a corresponding number of
magnets an electronic device 1190. Tray 1110 can also or
instead include a magnet array that can be attracted to a
corresponding magnet array in electronic device 1190. For
example, tray 1110 can include a magnet array such as
primary magnetic alignment component 1716 (shown in
FIG. 17) while electronic device 1190 can include a magnet
array such as secondary magnetic alignment component
1718 (shown in FIG. 17) or any of the other alignment
components shown herein. Alternatively, tray 1110 can
include a pass-through magnet array. The use of a pass-
through magnet array can allow electronic device 1190 or
gaming accessory 1100 to be charged while gaming acces-
sory 1100 is attached to electronic device 1190. For
example, tray 1110 can include an auxiliary magnet array
such as auxiliary alignment component 3770 (shown in FIG.
37A.) These magnets in the magnet array in tray 1110 can be
fixed in position or they can move to increase a magnetic
attraction to electronic device 1190. For example, they can
move closer to a top surface of tray 1110 and nearer
electronic device 1190 when tray 1110 is or is about to be
attached to electronic device 1190. Examples of moving
magnet arrays are shown below in FIG. 38 through FIG. 55
below. Gaming accessory 1100 can further include an addi-
tional alignment feature, where the alignment feature can
align gaming accessory 1100 in a particular orientation
relative to electronic device 1190. The alignment feature can
include magnets in the magnet array. The alignment feature
can also or instead be additional magnets that are separate
and spaced apart from the magnet array. For example,
gaming accessory 1100 can include secondary rotational
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alignment component 2724 (shown in FIG. 27) or other
alignment component such as those shown in FIGS. 28-32,
while electronic device 1190 can include primary rotational
alignment component 2722 (shown in FIG. 27) or other
alignment component such as those shown in FIGS. 28-32.
[0142] Further circuits and components can be included to
improve the usefulness of gaming accessory 1100. For
example, tray 1110 can include near field communications
circuitry. Near field communications circuitry in electronic
device 1190 can detect the presence of the near field com-
munications circuitry in tray 1110. From this, electronic
device 1190 can determine that it is attached to tray 1110 and
can enter a gaming mode of operation.

[0143] These near-field communication circuits can also
provide data from gaming accessory 1100 to electronic
device 1190, and from electronic device 1190 to gaming
accessory 1100. Current can be provided to a near-field
communication coil in electronic device 1190. This current
can generate a magnetic field. A tag coupled to a near-field
communication coil in gaming accessory 1100 can provide
a time-varying impedance to the magnet field in order to
transmit data. The variation in the magnetic field can be
detected by the near-field communication circuitry in the
electronic device 1190. From this, the data transmitted by
gaming accessory 1100 can be read by electronic device
1190. Data can similarly be transmitted from electronic
device 1190 to gaming accessory 1100 Gaming accessory
1100 can include a near-field communication coil such as
NFC coil 4664 (shown in FIG. 46.)

[0144] Data can also or instead be transferred from gam-
ing accessory 1100 to electronic device 1190 using charging
circuitry. For example, control circuitry in gaming accessory
1100 can generate currents in a coil of gaming accessory
1100. These currents can generate a time-varying magnetic
field that can be modulated. The modulation can be in
amplitude, phase, frequency, or other parameter. The modu-
lated time-varying magnetic field can induce currents in a
corresponding coil in electronic device 1190. Control cir-
cuitry in electronic device 1190 can receive the induced
currents and recover data transmitted by gaming accessory
1100. Gaming accessory 1100 can include a charging coil
such as wireless transmitter coil 4612 (shown in FIG. 46)
and control circuitry such as control circuitry 4614 (shown
in FIG. 46) that can be used in transmitting data. Data can
similarly be transferred from electronic device 1190 to
gaming accessory 1100.

[0145] Data can also or instead be transferred from gam-
ing accessory 1100 to electronic device 1190 using Blu-
etooth or other wireless protocol. Data can similarly be
transferred from electronic device 1190 to gaming accessory
1100.

[0146] Various types of data can be transferred between
gaming accessory 1100 and electronic device 1190. For
example, button press information, pressure information,
directional information, and other types of information can
be sent from game controller 1120 of gaming accessory 1100
to electronic device 1190. Battery charge status and other
status information can also be sent from gaming accessory
1100 to electronic device 1190. Electronic device 1190 can
provide information to gaming accessory 1100 for the illu-
mination of light-emitting diodes on gaming accessory 1100,
as well as other types of information.

[0147] In these and other embodiments of the present
invention, power can be provided to gaming accessory 1100
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in various ways. For example, gaming accessory 1100 can
receive wired power. Gaming accessory 1100 can also or
instead receive wireless power. Gaming accessory 1100 can
receive wired power through a connector receptacle in game
controller 1120 or tray 1110 that can accept a corresponding
connector insert attached to a first end of a cable. A second
end of the cable can be attached to a power source, such as
a host device, charging or other power source. Gaming
accessory 1100 can receive wireless power from the elec-
tronic device 1190 or other wireless charger. For example,
gaming accessory 1100 can include a charging coil such as
wireless transmitter coil 4612 (shown in FIG. 46) and
control circuitry such as control circuitry 4614 (shown in
FIG. 46) that allow gaming accessory 1100 to be inductively
charged by either electronic device 1190, a wireless charger,
or other charging device. Power can be stored in one or more
batteries that can be housed in one or more of tray 1110 and
game controller 1120.

[0148] In these and other embodiments of the present
invention, it can be desirable for a first gaming accessory
used by a first game player to synchronize data with a second
gaming accessory used by a second game player. An
example is shown in the following figure.

[0149] FIG. 15 illustrates another gaming accessory
according to an embodiment of the present invention. Gam-
ing accessory 1500 can include a back panel or tray 1510,
first game controller 1520, and second game controller 1530.
Tray 1510 can support electronic device 1590, while first
game controller 1520 and second game controller 1530 can
attached to or slide over ends of electronic device 1590,
thereby leaving screen 1592 at least largely unobstructed.
[0150] Either or both first game controller 1520 and sec-
ond game controller 1530 can be removed or otherwise
detached from tray 1510. This operation can be performed
by the first game player and second game player. The first
game player the second game player can then swap one of
their respective game controllers. By connecting the
swapped game controller to the individual gaming accesso-
ries, data can be synchronized between the two gaming
accessories. The first game player and second game player
can then re-swap the game controllers for their original
game controllers and can then commence with game play-
ing.

[0151] For example, a first game player can connect a
second game player’s first game controller 1520 to their
gaming accessory 1500, electronic device 1590, or both. The
second game player can connect the first game player’s first
game controller 1520 to their gaming accessory 1500, elec-
tronic device 1590, or both. This can allow data from the first
game player’s gaming accessory 1500 to synchronize with
the second game player’s gaming accessory 1500, and from
the second game player’s gaming accessory 1500 to syn-
chronize with the first game player’s gaming accessory
1500. The first and second game players can re-swap their
game controller and commence game play.

[0152] In these and other embodiments of the present
invention, it can be desirable for a game player to share an
image with a second game player or other individuals.
Accordingly, embodiments of the present invention can
provide a projector that can project an image on to a surface.
An example is shown in the following figure.

[0153] FIG. 16 illustrates another gaming accessory
according to an embodiment of the present invention. Gam-
ing accessory 1600 can be substantially the same or similar
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to gaming accessory 1500 shown in FIG. 15. Gaming
accessory 1600 can include back panel or tray 1610, first
game controller 1620, and second game controller 1630.
Tray 1610 can support electronic device 1690, while first
game controller 1620 and second game controller 1630 can
attach to or slight over ends of electronic device 1690. Either
or both first game controller 1620 or second game controller
1630 can include a projector having an opening 1632. In this
example, second game controller 1630 can include opening
1632 for protecting image 1650 onto a surface. Image 1650
can then be observed by a second game player, or other third
parties. Image 1650 can be the same or different as what is
displayed on screen 1692 of electronic device 1690.

[0154] Gaming accessory 1600 can readily attach to elec-
tronic device 1690. For example, tray 1610 can fit around
electronic device 1690. Alternatively, tray 1610 can mag-
netically attach to electronic device 1690. This can be
particularly true when tray 1610 has a cover or back panel
configuration. Tray 1610 can include a magnet that can be
attracted to a corresponding magnet in electronic device
1690. Tray 1610 can also or instead include a number of
magnets that can be attracted to a corresponding number of
magnets an electronic device 1690. Tray 1610 can also or
instead include a magnet array that can be attracted to a
corresponding magnet array in electronic device 1690. For
example, tray 1610 can include a magnet array such as
primary magnetic alignment component 1716 (shown in
FIG. 17) while electronic device 1690 can include a magnet
array such as secondary magnetic alignment component
1718 (shown in FIG. 17) or any of the other alignment
components shown herein. Alternatively, tray 1610 can
include a pass-through magnet array. The use of a pass-
through magnet array can allow electronic device 1690 or
gaming accessory 1600 to be charged while gaming acces-
sory 1600 is attached to electronic device 1690. For
example, tray 1610 can include an auxiliary magnet array
such as auxiliary alignment component 3770 (shown in FIG.
37A.) These magnets in the magnet array in tray 1610 can
be fixed in position or they can move to increase a magnetic
attraction to electronic device 1690. For example, they can
move closer to a top surface of tray 1610 and nearer
electronic device 1690 when tray 1610 is or is about to be
attached to electronic device 1690. Examples of moving
magnet arrays are shown below in FIG. 38 through FIG. 45
below. Gaming accessory 1600 can further include an addi-
tional alignment feature, where the alignment feature can
align gaming accessory 1600 in a particular orientation
relative to electronic device 1690. The alignment feature can
include magnets in the magnet array. The alignment feature
can also or instead be additional magnets that are separate
and spaced apart from the magnet array. For example,
gaming accessory 1600 can include secondary rotational
alignment component 2724 (shown in FIG. 27) or other
alignment component such as those shown in FIGS. 28-32,
while electronic device 1690 can include primary rotational
alignment component 2722 (shown in FIG. 27) or other
alignment component such as those shown in FIGS. 28-32.

[0155] Further circuits and components can be included to
improve the usefulness of gaming accessory 1600. For
example, tray 1610 can include near field communications
circuitry. Near field communications circuitry in electronic
device 1690 can detect the presence of the near field
communications circuitry in tray 1610. From this, electronic
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device 1690 can determine that it is attached to tray 1610
and can enter a gaming mode of operation.

[0156] These near-field communication circuits can also
provide data from gaming accessory 1600 to electronic
device 1690, and from electronic device 1690 to gaming
accessory 1600. Current can be provided to a near-field
communication coil in electronic device 1690. This current
can generate a magnetic field. A tag coupled to a near-field
communication coil in gaming accessory 1600 can provide
a time-varying impedance to the magnet field in order to
transmit data. The variation in the magnetic field can be
detected by the near-field communication circuitry in the
electronic device 1690. From this, the data transmitted by
gaming accessory 1600 can be read by electronic device
1690. Data can similarly be transmitted from electronic
device 1690 to gaming accessory 1600 Gaming accessory
1600 can include a near-field communication coil such as
NFC coil 4664 (shown in FIG. 46.)

[0157] Data can also or instead be transferred from gam-
ing accessory 1600 to electronic device 1690 using charging
circuitry. For example, control circuitry in gaming accessory
1600 can generate currents in a coil of gaming accessory
1600. These currents can generate a time-varying magnetic
field that can be modulated. The modulation can be in
amplitude, phase, frequency, or other parameter. The modu-
lated time-varying magnetic field can induce currents in a
corresponding coil in electronic device 1690. Control cir-
cuitry in electronic device 1690 can receive the induced
currents and recover data transmitted by gaming accessory
1600. Gaming accessory 1600 can include a charging coil
such as wireless transmitter coil 4612 (shown in FIG. 46)
and control circuitry such as control circuitry 4614 (shown
in FIG. 46) that can be used in transmitting data. Data can
similarly be transferred from electronic device 1690 to
gaming accessory 1600.

[0158] Data can also or instead be transferred from gam-
ing accessory 1600 to electronic device 1690 using Blu-
etooth or other wireless protocol. Data can similarly be
transferred from electronic device 1690 to gaming accessory
1600.

[0159] Various types of data can be transferred between
gaming accessory 1600 and electronic device 1690. For
example, button press information, pressure information,
directional information, and other types of information can
be sent from first game controller 1620 and second game
controller 1630 of gaming accessory 1600 to electronic
device 1690. Battery charge status and other status infor-
mation can also be sent from gaming accessory 1600 to
electronic device 1690. Electronic device 1690 can provide
information to gaming accessory 1600 for the illumination
of light-emitting diodes on gaming accessory 1600, as well
as other types of information.

[0160] In these and other embodiments of the present
invention, power can be provided to gaming accessory 1600
in various ways. For example, gaming accessory 1600 can
receive wired power. Gaming accessory 1600 can also or
instead receive wireless power. Gaming accessory 1600 can
receive wired power through a connector receptacle in first
game controller 1620, second game controller 1630, or tray
1610 that can accept a corresponding connector insert
attached to a first end of a cable. A second end of the cable
can be attached to a power source, such as a host device,
electronic device 1690, or other charging or other power
source. Gaming accessory 1600 can receive wireless power
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from the electronic device 1690 or other wireless charger.
For example, gaming accessory 1600 can include a charging
coil such as wireless transmitter coil 4612 (shown in FIG.
46) and control circuitry such as control circuitry 4614
(shown in FIG. 46) that allow gaming accessory 1600 to be
inductively charged by either electronic device 1690, a
wireless charger, or other charging device. Power can be
stored in one or more batteries that can be housed in one or
more of the tray 1610, first game controller 1620, and second
game controller 1630.

[0161] In these examples, electronic device 190, 390, 490,
590, 690, 890, 1190, 1590, and 1690 and the other electronic
devices can be the same or similar electronic device, such as
a phone, tablet, wearable computing device, or other elec-
tronic device.

[0162] Described herein are various embodiments of mag-
netic alignment systems and components thereof. A mag-
netic alignment system can include annular alignment com-
ponents, where each annular alignment component can
comprise a ring of magnets (or a single annular magnet)
having a particular magnetic orientation or pattern of mag-
netic orientations such that a “primary” annular alignment
component can attract and hold a complementary “second-
ary” annular alignment component. Magnetic alignment
components can be incorporated into a variety of devices,
and a magnetic alignment component in one device can
attract another device having a complementary magnetic
alignment component into a desired alignment and/or hold
the other device in a desired alignment. (Devices aligned by
a magnetic alignment system may be said to be “attached”
to each other.)

[0163] For purposes of the present description, a number
of different categories of devices can be distinguished. As
used herein, a “portable electronic device” refers generally
to any electronic device that is portable and that consumes
power and provides at least some interaction with the user.
Examples of portable electronic devices include: smart
phones and other mobile phones; tablet computers; laptop
computers; wearable devices (e.g., smart watches, head-
phones, earbuds); and any other electronic device that a user
may carry or wear. Other portable electronic devices can
include robotic devices, remote-controlled devices, per-
sonal-care appliances, and so on.

[0164] An “accessory device” (or “accessory”) refers gen-
erally to a device that is useful in connection with a portable
electronic device to enhance the functionality and/or esthet-
ics of the portable electronic device. Many categories of
accessories may incorporate magnetic alignment. For
example, one category of accessories includes wireless
charger accessories. As used herein, a “wireless charger
accessory” (or “wireless charger device” or just “wireless
charger”) is an accessory that can provide power to a
portable electronic device using wireless power transfer
techniques. A “battery pack” (or “external battery™) is a type
of wireless charger accessory that incorporates a battery to
store charge that can be transferred to the portable electronic
device. In some embodiments, a battery pack may also
receive power wirelessly from another wireless charger
accessory. Wireless charger accessories may also be referred
to as “active” accessories, in reference to their ability to
provide and/or receive power. Other accessories are “passive
accessories” that do not provide or receive power. For
example, some passive accessories are “cases” that can
cover one or more surfaces of the portable electronic device
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to provide protection (e.g., against damage caused by impact
of the portable electronic device with other objects), esthetic
enhancements (e.g., decorative colors or the like), and/or
functional enhancements (e.g., cases that incorporate storage
pockets, batteries, card readers, or sensors of various types).
Cases can have a variety of form factors. For example, a
“tray” can refer to a case that has a rear panel covering the
back surface of the portable electronic device and side
surfaces to secure the portable electronic device in the tray
while leaving the front surface (which may include a dis-
play) exposed. A “sleeve” can refer to a case that has front
and back panels with an open end (or “throat™) into which
a portable electronic device can be inserted so that the front
and back surfaces of the device are covered; in some
instances, the front panel of a sleeve can include a window
through which a portion (or all) of a display of the portable
electronic device is visible. A “folio” can refer to a case that
has a retention portion that covers at least the back surface
(and sometimes also one or more side surfaces) of the
portable electronic device and a cover that can be closed to
cover the display or opened to expose the display. It should
be understood that not all cases are passive accessories. For
example, a “battery case” can incorporate a battery pack in
addition to protective and/or esthetic features; a battery case
can be shaped generally as a tray, sleeve, or folio. Other
examples of active cases can include cases that incorporate
card readers, sensors, batteries, or other electronic compo-
nents that enhance functionality of a portable electronic
device.

[0165] In the present description, a distinction is some-
times made between a “charge-through accessory,” which is
an accessory that can be positioned between a portable
electronic device and a wireless charger device without
interfering with wireless power transfer between the wire-
less charger device and the portable electronic device, and a
“terminal accessory,” which is an accessory that is not a
charge-through accessory. A wireless charging accessory is
typically a terminal accessory, but not all terminal accesso-
ries provide wireless charging of a portable electronic
device. For example some terminal accessories can be
“mounting” accessories that are designed to hold the por-
table electronic device in a particular position. Examples of
mounting include tripods, docking stations, other stands, or
mounts that can hold a portable electronic device in a desired
position and/or orientation (which might or might not be
adjustable). Such accessories might or might not incorporate
wireless charging capability.

[0166] According to embodiments described herein, a
portable electronic device and an accessory device can
include complementary magnetic alignment components
that facilitate alignment of the accessory device with the
portable electronic device and/or attachment of the acces-
sory device to the portable electronic device. The magnetic
alignment components can include annular magnetic align-
ment components that, in some embodiments, can surround
inductive charging transmitter and receiver coils. In the
nomenclature used herein, a “primary” annular magnetic
alignment component refers to an annular magnetic align-
ment component used in a wireless charger device or other
terminal accessory. A “secondary” annular magnetic align-
ment component refers to an annular magnetic alignment
component used in a portable electronic device. An “auxil-
iary” annular magnetic alignment component refers to an
annular magnetic alignment component used in a charge-
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through accessory. (In this disclosure, adjectives such as
“annular,” “magnetic,” “primary,” “secondary” and “auxil-
iary” may be omitted when the context is clear.)

[0167] In some embodiments, a magnetic alignment sys-
tem can also include a rotational magnetic alignment com-
ponent that facilitates aligning two devices in a preferred
rotational orientation. A rotational magnetic alignment com-
ponent can include, for example, one or more magnets
disposed outboard of an annular alignment component. It
should be understood that any device that has an annular
alignment component might or might not also have a rota-
tional alignment component, and rotational alignment com-
ponents may be categorized as primary, secondary, or aux-
iliary depending on the type of device.

[0168] In some embodiments, a magnetic alignment sys-
tem can also include a near-field communication (NFC) coil
and supporting circuitry to allow devices to identify them-
selves to each other using an NFC protocol. An NFC coil in
a particular device can be an annular coil that is disposed
inboard of the annular alignment component or outboard of
the annular alignment component. For example, in a device
that has an annular alignment component surrounding an
inductive charging coil, the NFC coil can be disposed in an
annular gap between the inductive charging coil and the
annular alignment component. It should be understood that
an NFC component is optional in the context of providing
magnetic alignment.

[0169] FIG. 17 shows a simplified representation of a
wireless charging system 1700 incorporating a magnetic
alignment system 1706 according to some embodiments. A
portable electronic device 1704 is positioned on a charging
surface 1708 of a wireless charger device 1702. Portable
electronic device 1704 can be a consumer electronic device,
such as gaming accessory 100 or any of the other gaming
accessories shown above or otherwise provided by an
embodiment of the present invention, a smart phone, tablet,
wearable device, or the like, or any other electronic device
for which wireless charging is desired. Wireless charger
device 1702 can be any device that is configured to generate
time-varying magnetic flux to induce a current in a suitably
configured receiving device. For instance, wireless charger
device 1702 can be a wireless charging mat, puck, docking
station, or the like. Wireless charger device 1702 can include
or have access to a power source such as battery power or
standard AC power.

[0170] To enable wireless power transfer, portable elec-
tronic device 1704 and wireless charger device 1702 can
include inductive coils 1710 and 1712, respectively, which
can operate to transfer power between them. For example,
inductive coil 1712 can be a transmitter coil that generates
a time-varying magnetic flux 1714, and inductive coil 1710
can be a receiver coil in which an electric current is induced
in response to time-varying magnetic flux 1714. The
received electric current can be used to charge a battery of
portable electronic device 1704, to provide operating power
to a component of portable electronic device 1704, and/or
for other purposes as desired. (“Wireless power transfer”
and “inductive power transfer,” as used herein, refer gener-
ally to the process of generating a time-varying magnetic
field in a conductive coil of a first device that induces an
electric current in a conductive coil of a second device.)
[0171] To enable efficient wireless power transfer, it is
desirable to align inductive coils 1712 and 1710. According
to some embodiments, magnetic alignment system 1706 can
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provide such alignment. In the example shown in FIG. 17,
magnetic alignment system 1706 includes a primary mag-
netic alignment component 1716 disposed within or on a
surface of wireless charger device 1702 and a secondary
magnetic alignment component 1718 disposed within or on
a surface of portable electronic device 1704. Primary and
secondary alignment components 1716 and 1718 are con-
figured to magnetically attract one another into an aligned
position in which inductive coils 1710 and 1712 are aligned
with one another to provide efficient wireless power transfer.

[0172] According to embodiments described herein, a
magnetic alignment component (including a primary or
secondary alignment component) of a magnetic alignment
system can be formed of arcuate magnets arranged in an
annular configuration. In some embodiments, each magnet
can have its magnetic polarity oriented in a desired direction
so that magnetic attraction between the primary and sec-
ondary magnetic alignment components provides a desired
alignment. In some embodiments, an arcuate magnet can
include a first magnetic region with magnetic polarity ori-
ented in a first direction and a second magnetic region with
magnetic polarity oriented in a second direction different
from (e.g., opposite to) the first direction. As will be
described, different configurations can provide different
degrees of magnetic field leakage.

[0173] FIG. 18A shows a perspective view of a magnetic
alignment system 1800 according to some embodiments,
and FIG. 18B shows a cross-section through magnetic
alignment system 1800 across the cut plane indicated in FIG.
18A. Magnetic alignment system 1800 can be an implemen-
tation of magnetic alignment system 1706 of FIG. 17. In
magnetic alignment system 1800, the alignment components
all have magnetic polarity oriented in the same direction
(along the axis of the annular configuration). For conve-
nience of description, an “axial” direction (also referred to
as a “longitudinal” or “z” direction) is defined to be parallel
to an axis of rotational symmetry 1801 of magnetic align-
ment system 1800, and a transverse plane (also referred to
as a “lateral” or “x” or “y” direction) is defined to be normal
to axis 1801. The term “proximal side” or “proximal sur-
face” is used herein to refer to a side or surface of one
alignment component that is oriented toward the other
alignment component when the magnetic alignment system
is aligned, and the term “distal side” or “distal surface” is
used to refer to a side or surface opposite the proximal side
or surface. (The terms “top” and “bottom” may be used in
reference to a particular view shown in a drawing but have
no other significance.)

[0174] As shown in FIG. 18A, magnetic alignment system
1800 can include a primary alignment component 1816
(which can be an implementation of primary alignment
component 1716 of FIG. 17) and a secondary alignment
component 1818 (which can be an implementation of sec-
ondary alignment component 1718 of FIG. 17). Primary
alignment component 1816 and secondary alignment com-
ponent 1818 have annular shapes and may also be referred
to as “annular” alignment components. The particular
dimensions can be chosen as desired. In some embodiments,
primary alignment component 1816 and secondary align-
ment component 1818 can each have an outer diameter of
about 214 mm and a radial width of about 22 mm. The outer
diameters and radial widths of primary alignment compo-
nent 1816 and secondary alignment component 1818 need
not be exactly equal. For instance, the radial width of
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secondary alignment component 1818 can be slightly less
than the radial width of primary alignment component 1816
and/or the outer diameter of secondary alignment compo-
nent 1818 can also be slightly less than the radial width of
primary alignment component 1816 so that, when in align-
ment, the inner and outer sides of primary alignment com-
ponent 1816 extend beyond the corresponding inner and
outer sides of secondary alignment component 1818. Thick-
nesses (or axial dimensions) of primary alignment compo-
nent 1816 and secondary alignment component 1818 can
also be chosen as desired. In some embodiments, primary
alignment component 1816 has a thickness of about 17.5
mm while secondary alignment component 1818 has a
thickness of about 0.37 mm.

[0175] Primary alignment component 1816 can include a
number of sectors, each of which can be formed of one or
more primary arcuate magnets 1826, and secondary align-
ment component 1818 can include a number of sectors, each
of which can be formed of one or more secondary arcuate
magnets 1828. In the example shown, the number of primary
magnets 1826 is equal to the number of secondary magnets
1828, and each sector includes exactly one magnet, but this
is not required. Primary magnets 1826 and secondary mag-
nets 1828 can have arcuate (or curved) shapes in the
transverse plane such that when primary magnets 1826 (or
secondary magnets 1828) are positioned adjacent to one
another end-to-end, primary magnets 1826 (or secondary
magnets 1828) form an annular structure as shown. In some
embodiments, primary magnets 1826 can be in contact with
each other at interfaces 1830, and secondary magnets 1828
can be in contact with each other at interfaces 1832. Alter-
natively, small gaps or spaces may separate adjacent primary
magnets 1826 or secondary magnets 1828, providing a
greater degree of tolerance during manufacturing.

[0176] In some embodiments, primary alignment compo-
nent 1816 can also include an annular shield 1814 (also
referred to as a DC magnetic shield or DC shield) disposed
on a distal surface of primary magnets 1826. In some
embodiments, shield 1814 can be formed as a single annular
piece of material and adhered to primary magnets 1826 to
secure primary magnets 1826 into position. Shield 1814 can
be formed of a material that has high magnetic permeability,
such as stainless steel, and can redirect magnetic fields to
prevent them from propagating beyond the distal side of
primary alignment component 1816, thereby protecting sen-
sitive electronic components located beyond the distal side
of primary alignment component 1816 from magnetic inter-
ference.

[0177] Primary magnets 1826 and secondary magnets
1828 (and all other magnets described herein) can be made
of'a magnetic material such as an NdFeB material, other rare
earth magnetic materials, or other materials that can be
magnetized to create a persistent magnetic field. In some
embodiments, the magnets can be plated with a thin layer
(e.g., 23-13 pm) of NiCuNi or similar materials. Each
primary magnet 1826 and each secondary magnet 1828 can
have a monolithic structure having a single magnetic region
with a magnetic polarity aligned in the axial direction as
shown by magnetic polarity indicators 1815, 1817 in FIG.
18B. For example, each primary magnet 1826 and each
secondary magnet 1828 can be a bar magnet that has been
ground and shaped into an arcuate structure having an axial
magnetic orientation. (As will be apparent, the term “mag-
netic orientation” refers to the direction of orientation of the
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magnetic polarity of a magnet or magnetized region.) In the
example shown, primary magnet 1826 has its north pole
oriented toward the proximal surface and south pole oriented
toward the distal surface while secondary magnet 1828 has
its south pole oriented toward the proximal surface and north
pole oriented toward the distal surface. In other embodi-
ments, the magnetic orientations can be reversed such that
primary magnet 1826 has its south pole oriented toward the
proximal surface and north pole oriented toward the distal
surface while secondary magnet 1828 has its north pole
oriented toward the proximal surface and south pole oriented
toward the distal surface.

[0178] As shown in FIG. 18B, the axial magnetic orien-
tation of primary magnet 1826 and secondary magnet 1828
can generate magnetic fields 1840 that exert an attractive
force between primary magnet 1826 and secondary magnet
1828, thereby facilitating alignment between respective
electronic devices in which primary alignment component
1816 and secondary alignment component 1818 are dis-
posed (e.g., as shown in FIG. 17). While shield 1814 can
redirect some of magnetic fields 1840 away from regions
below primary magnet 1826, magnetic fields 1840 may still
propagate to regions laterally adjacent to primary magnet
1826 and secondary magnet 1828. In some embodiments,
the lateral propagation of magnetic fields 1840 may result in
magnetic field leakage to other magnetically sensitive com-
ponents. For instance, if an inductive coil having a ferro-
magnetic shield is placed in the interior (or inboard) region
of annular primary alignment component 1816 (or second-
ary alignment component 1818), leakage of magnetic fields
1840 may saturate the ferrimagnetic shield, which can
degrade wireless charging performance.

[0179] It will be appreciated that magnetic alignment
system 1800 is illustrative and that variations and modifi-
cations are possible. For instance, while primary alignment
component 1816 and secondary alignment component 1818
are each shown as being constructed of eight arcuate mag-
nets, other embodiments may use a different number of
magnets, such as sixteen magnets, thirty-six magnets, or any
other number of magnets, and the number of primary
magnets need not be equal to the number of secondary
magnets. In other embodiments, primary alignment compo-
nent 1816 and/or secondary alignment component 1818 can
each be formed of a single, monolithic annular magnet;
however, segmenting magnetic alignment components 1816
and 1818 into arcuate magnets may improve manufacturing
because (for some types of magnetic material) smaller
arcuate segments may be less brittle than a single, mono-
lithic annular magnet and less prone to yield loss due to
physical stresses imposed on the magnetic material during
manufacturing.

[0180] As noted above with reference to FIG. 18B, a
magnetic alignment system with a single axial magnetic
orientation may allow lateral leakage of magnetic fields,
which may adversely affect performance of other compo-
nents of an electronic device. Accordingly, some embodi-
ments provide magnetic alignment systems with a “closed-
loop” configuration that reduces magnetic field leakage.
Examples will now be described.

[0181] FIG. 19A shows a perspective view of a magnetic
alignment system 1900 according to some embodiments,
and FIG. 19B shows a cross-section through magnetic
alignment system 1900 across the cut plane indicated in FIG.
19A. Magnetic alignment system 1900 can be an implemen-
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tation of magnetic alignment system 1706 of FIG. 17. In
magnetic alignment system 1900, the alignment components
have magnetic components configured in a “closed loop”
configuration as described below.

[0182] As shown in FIG. 19A, magnetic alignment system
1900 can include a primary alignment component 1916
(which can be an implementation of primary alignment
component 1716 of FIG. 17) and a secondary alignment
component 1918 (which can be an implementation of sec-
ondary alignment component 1718 of FIG. 17). Primary
alignment component 1916 and secondary alignment com-
ponent 1918 have annular shapes and may also be referred
to as “annular” alignment components. The particular
dimensions can be chosen as desired. In some embodiments,
primary alignment component 1916 and secondary align-
ment component 1918 can each have an outer diameter of
about 214 mm and a radial width of about 22 mm. The outer
diameters and radial widths of primary alignment compo-
nent 1916 and secondary alignment component 1918 need
not be exactly equal. For instance, the radial width of
secondary alignment component 1918 can be slightly less
than the radial width of primary alignment component 1916
and/or the outer diameter of secondary alignment compo-
nent 1918 can also be slightly less than the radial width of
primary alignment component 1916 so that, when in align-
ment, the inner and outer sides of primary alignment com-
ponent 1916 extend beyond the corresponding inner and
outer sides of secondary alignment component 1918. Thick-
nesses (or axial dimensions) of primary alignment compo-
nent 1916 and secondary alignment component 1918 can
also be chosen as desired. In some embodiments, primary
alignment component 1916 has a thickness of about 17.5
mm while secondary alignment component 1918 has a
thickness of about 0.37 mm.

[0183] Primary alignment component 1916 can include a
number of sectors, each of which can be formed of a number
of primary magnets 1926, and secondary alignment compo-
nent 1918 can include a number of sectors, each of which
can be formed of a number of secondary magnets 1928. In
the example shown, the number of primary magnets 1926 is
equal to the number of secondary magnets 1928, and each
sector includes exactly one magnet, but this is not required;
for example, as described below a sector may include
multiple magnets. Primary magnets 1926 and secondary
magnets 1928 can have arcuate (or curved) shapes in the
transverse plane such that when primary magnets 1926 (or
secondary magnets 1928) are positioned adjacent to one
another end-to-end, primary magnets 1926 (or secondary
magnets 1928) form an annular structure as shown. In some
embodiments, primary magnets 1926 can be in contact with
each other at interfaces 1930, and secondary magnets 1928
can be in contact with each other at interfaces 1932. Alter-
natively, small gaps or spaces may separate adjacent primary
magnets 1926 or secondary magnets 1928, providing a
greater degree of tolerance during manufacturing.

[0184] In some embodiments, primary alignment compo-
nent 1916 can also include an annular shield 1914 (also
referred to as a DC magnetic shield or DC shield) disposed
on a distal surface of primary magnets 1926. In some
embodiments, shield 1914 can be formed as a single annular
piece of material and adhered to primary magnets 1926 to
secure primary magnets 1926 into position. Shield 1914 can
be formed of a material that has high magnetic permeability,
such as stainless steel, and can redirect magnetic fields to
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prevent them from propagating beyond the distal side of
primary alignment component 1916, thereby protecting sen-
sitive electronic components located beyond the distal side
of primary alignment component 1916 from magnetic inter-
ference.

[0185] Primary magnets 1926 and secondary magnets
1928 can be made of a magnetic material such as an NdFeB
material, other rare earth magnetic materials, or other mate-
rials that can be magnetized to create a persistent magnetic
field. Each secondary magnet 1928 can have a single mag-
netic region with a magnetic polarity having a component in
the radial direction in the transverse plane (as shown by
magnetic polarity indicator 1917 in FIG. 19B). As described
below, the magnetic orientation can be in a radial direction
with respect to axis 1901 or another direction having a radial
component in the transverse plane. Each primary magnet
1926 can include two magnetic regions having opposite
magnetic orientations. For example, each primary magnet
1926 can include an inner arcuate magnetic region 1952
having a magnetic orientation in a first axial direction (as
shown by polarity indicator 1953 in FIG. 19B), an outer
arcuate magnetic region 1954 having a magnetic orientation
in a second axial direction opposite the first direction (as
shown by polarity indicator 1955 in FIG. 19B), and a central
non-magnetized region 1956 that does not have a magnetic
orientation. Central non-magnetized region 1956 can mag-
netically separate inner arcuate region 1952 from outer
arcuate region 1954 by inhibiting magnetic fields from
directly crossing through central region 1956. Magnets
having regions of opposite magnetic orientation separated
by a non-magnetized region are sometimes referred to herein
as having a “quad-pole” configuration.

[0186] In some embodiments, each secondary magnet
1928 can be made of a magnetic material that has been
ground and shaped into an arcuate structure, and a magnetic
orientation having a radial component in the transverse
plane can be created, e.g., using a magnetizer. Similarly,
each primary magnet 1926 can be made of a single piece of
magnetic material that has been ground and shaped into an
arcuate structure, and a magnetizer can be applied to the
arcuate structure to induce an axial magnetic orientation in
one direction within an inner arcuate region of the structure
and an axial magnetic orientation in the opposite direction
within an outer arcuate region of the structure, while demag-
netizing or avoiding creation of a magnetic orientation in the
central region. In some alternative embodiments, each pri-
mary magnet 1926 can be a compound structure with two
arcuate pieces of magnetic material providing inner arcuate
magnetic region 1952 and outer arcuate magnetic region
1954; in such embodiments, central non-magnetized region
1956 can be can be formed of an arcuate piece of nonmag-
netic (or demagnetized) material or formed as an air gap
defined by sidewalls of inner arcuate magnetic region 1952
and outer arcuate magnetic region 1954. DC shield 1914 can
be formed of a material that has high magnetic permeability,
such as stainless steel or low carbon steel, and can be plated,
e.g., with 21-10 pm of matte Ni. Alternatively, DC shield
1914 can be formed of a magnetic material having a radial
magnetic orientation (in the opposite direction of secondary
magnets 1928). In some embodiments, DC shield 1914 can
be omitted entirely.

[0187] As shown in FIG. 19B, the magnetic polarity of
secondary magnet 1928 (shown by indicator 1917) can be
oriented such that when primary alignment component 1916
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and secondary alignment component 1918 are aligned, the
south pole of secondary magnet 1928 is oriented toward the
north pole of inner arcuate magnetic region 1952 (shown by
indicator 1953) while the north pole of secondary magnet
1928 is oriented toward the south pole of outer arcuate
magnetic region 1954 (shown by indicator 1955). Accord-
ingly, the respective magnetic orientations of inner arcuate
magnetic region 1952, secondary magnet 1928 and outer
arcuate magnetic region 1956 can generate magnetic fields
1940 that exert an attractive force between primary magnet
1926 and secondary magnet 1928, thereby facilitating align-
ment between respective electronic devices in which pri-
mary alignment component 1916 and secondary alignment
component 1918 are disposed (e.g., as shown in FIG. 17).
Shield 1914 can redirect some of magnetic fields 1940 away
from regions below primary magnet 1926. Further, the
“closed-loop” magnetic field 1940 formed around central
non-magnetized region 1956 can have tight and compact
field lines that do not stray outside of primary and secondary
magnets 1926 and 1928 as far as magnetic field 1840 strays
outside of primary and secondary magnets 1826 and 1828 in
FIG. 18B. Thus, magnetically sensitive components can be
placed relatively close to primary alignment component
1916 with reduced concern for stray magnetic fields.
Accordingly, as compared to magnetic alignment system
1800, magnetic alignment system 1900 can help to reduce
the overall size of a device in which primary alignment
component 1916 is positioned and can also help reduce
noise created by magnetic field 1940 in adjacent components
or devices, such as an inductive receiver coil positioned
inboard of secondary alignment component 1918.

[0188] While each primary magnet 1926 includes two
regions of opposite magnetic orientation, it should be under-
stood that the two regions can but need not provide equal
magnetic field strength. For example, outer arcuate magne-
tized region 1954 can be more strongly polarized than inner
arcuate magnetized region 1952. Depending on the particu-
lar implementation of primary magnets 1926, various tech-
niques can be used to create asymmetric polarization
strength. For example, inner arcuate region 1952 and outer
arcuate region 1954 can have different radial widths;
increasing radial width of a magnetic region increases the
field strength of that region due to increased volume of
magnetic material. Where inner arcuate region 1952 and
outer arcuate region 1954 are discrete magnets, magnets
having different magnetic strength can be used.

[0189] In some embodiments, having an asymmetric
polarization where outer arcuate region 1954 is more
strongly polarized than inner arcuate region 1952 can create
a flux “sinking” effect toward the outer pole. This effect can
be desirable in various situations. For example, when pri-
mary magnet 1926 is disposed within a wireless charger
device and the wireless charger device is used to charge a
“legacy” portable electronic device that has an inductive
receiver coil but does not have a secondary (or any) annular
magnetic alignment component, the (DC) magnetic flux
from the primary annular alignment component may enter a
ferrite shield around the inductive receiver coil. The DC
magnetic flux can contribute to saturating the ferrite shield
and reducing charging performance. Providing a primary
annular alignment component with a stronger field at the
outer arcuate region than the inner arcuate region can help
to draw DC magnetic flux away from the ferrite shield,
which can improve charging performance when a wireless
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charger device having an annular magnetic alignment com-
ponent is used to charge a portable electronic device that
lacks an annular magnetic alignment component.

[0190] It will be appreciated that magnetic alignment
system 1900 is illustrative and that variations and modifi-
cations are possible. For instance, while primary alignment
component 1916 and secondary alignment component 1918
are each shown as being constructed of eight arcuate mag-
nets, other embodiments may use a different number of
magnets, such as 176 magnets, 178 magnets, 192 magnets,
196 magnets, or any other number of magnets, and the
number of primary magnets need not be equal to the number
of secondary magnets. In other embodiments, secondary
alignment component 1918 can be formed of a single,
monolithic annular magnet. Similarly, primary alignment
component 1916 can be formed of a single, monolithic
annular piece of magnetic material with an appropriate
magnetization pattern as described above, or primary align-
ment component 1916 can be formed of a monolithic inner
annular magnet and a monolithic outer annular magnet, with
an annular air gap or region of nonmagnetic material dis-
posed between the inner annular magnet and outer annular
magnet. In some embodiments, a construction using mul-
tiple arcuate magnets may improve manufacturing because
smaller arcuate magnets are less brittle than a single, mono-
lithic annular magnet and are less prone to yield loss due to
physical stresses imposed on the magnetic material during
manufacturing. It should also be understood that the mag-
netic orientations of the various magnetic alignment com-
ponents or individual magnets do not need to align exactly
with the lateral and axial directions. The magnetic orienta-
tion can have any angle that provides a closed-loop path for
a magnetic field through the primary and secondary align-
ment components.

[0191] As noted above, in embodiments of magnetic
alignment systems having closed-loop magnetic orienta-
tions, such as magnetic alignment system 1900, secondary
alignment component 1918 can have a magnetic orientation
with a radial component. For example, in some embodi-
ments, secondary alignment component 1918 can have a
magnetic polarity in a radial orientation. FIG. 20 shows a
simplified top-down view of a secondary alignment com-
ponent 2018 according to some embodiments. Secondary
alignment component 2018, like secondary alignment com-
ponent 1918, can be formed of arcuate magnets 2028a-/
having radial magnetic orientations as shown by magnetic
polarity indicators 2017a-%. In this example, each arcuate
magnet 2028a-% has a north magnetic pole oriented toward
the radially outward side and a south magnetic pole toward
the radially inward side; however, this orientation can be
reversed, and the north magnetic pole of each arcuate
magnet 2028a-/ can be oriented toward the radially inward
side while the south magnetic pole is oriented toward the
radially outward side.

[0192] FIG. 21A shows a perspective view of a magnetic
alignment system 2100 according to some embodiments.
Magnetic alignment system 2100, which can be an imple-
mentation of magnetic alignment system 1900, includes a
secondary alignment component 2118 having a radially
outward magnetic orientation (e.g., as shown in FIG. 20) and
a complementary primary alignment component 2116. In
this example, magnetic alignment system 2100 includes a
gap 2112 between two of the sectors; however, gap 2112 is
optional and magnetic alignment system 2100 can be a
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complete annular structure. Also shown are components
2102, which can include, for example an inductive coil
assembly or other components located within the central
region of primary magnetic alignment component 2116 or
secondary magnetic alignment component 2118. Magnetic
alignment system 2100 can have a closed-loop configuration
similar to magnetic alignment system 1900 (as shown in
FIG. 19B) and can include arcuate sectors 2101, each of
which can be made of one or more arcuate magnets. In some
embodiments, the closed-loop configuration of magnetic
alignment system 2100 can reduce or prevent magnetic field
leakage that may affect components 2102.

[0193] FIG. 21B shows an axial cross-section view
through one of arcuate sectors 2101. Arcuate sector 2101
includes a primary magnet 2126 and a secondary magnet
2128. As shown by orientation indicator 2117, secondary
magnet 2128 has a magnetic polarity oriented in a radially
outward direction, i.e., the north magnetic pole is toward the
radially outward side of magnetic alignment system 2100.
Like primary magnets 1926 described above, primary mag-
net 2126 includes an inner arcuate magnetic region 2152, an
outer arcuate magnetic region 2154, and a central non-
magnetized region 2156 (which can include, e.g., an air gap
or a region of nonmagnetic or non-magnetized material).
Inner arcuate magnetic region 2152 has a magnetic polarity
oriented axially such that the north magnetic pole is toward
secondary magnet 2128, as shown by indicator 2153, while
outer arcuate magnetic region 2154 has an opposite mag-
netic orientation, with the south magnetic pole oriented
toward secondary magnet 2128, as shown by indicator 2155.
As described above with reference to FIG. 19B, the arrange-
ment of magnetic orientations shown in FIG. 21B results in
magnetic attraction between primary magnet 2126 and sec-
ondary magnet 2128. In some embodiments, the magnetic
polarities can be reversed such that the north magnetic pole
of secondary magnet 2128 is oriented toward the radially
inward side of magnetic alignment system 2100, the north
magnetic pole of outer arcuate region 2154 of primary
magnet 2126 is oriented toward secondary magnet 2128, and
the north magnetic pole of inner arcuate region 2152 is
oriented away from secondary magnet 2128.

[0194] When primary alignment component 2116 and
secondary alignment component 2118 are aligned, the radi-
ally symmetrical arrangement and directional equivalence of
magnetic polarities of primary alignment component 2116
and secondary alignment component 2118 allow secondary
alignment component 2118 to rotate freely (relative to
primary alignment component 2116) in the clockwise or
counterclockwise direction in the lateral plane while main-
taining alignment along the axis.

[0195] As used herein, a “radial” orientation need not be
exactly or purely radial. For example, FIG. 21C shows a
secondary arcuate magnet 2138 according to some embodi-
ments. Secondary arcuate magnet 2138 has a purely radial
magnetic orientation, as indicated by arrows 2139. Each
arrow 2139 is directed at the center of curvature of magnet
2138; if extended inward, arrows 2139 would converge at
the center of curvature. However, achieving this purely
radial magnetization requires that magnetic domains within
magnet 2138 be oriented obliquely to neighboring magnetic
domains. For some types of magnetic materials, purely
radial magnetic orientation may not be practical. Accord-
ingly, some embodiments use a “pseudo-radial” magnetic
orientation that approximates the purely radial orientation of
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FIG. 21C. FIG. 21D shows a secondary arcuate magnet 2148
with pseudo-radial magnetic orientation according to some
embodiments. Magnet 2148 has a magnetic orientation,
shown by arrows 2149, that is perpendicular to a baseline
2151 connecting the inner corners 2157, 2159 of arcuate
magnet 2148. If extended inward, arrows 2149 would not
converge. Thus, neighboring magnetic domains in magnet
2148 are parallel to each other, which is readily achievable
in magnetic materials such as NdFeB. The overall effect in
a magnetic alignment system, however, can be similar to the
purely radial magnetic orientation shown FIG. 21C. FIG.
21E shows a secondary annular alignment component 2158
made up of magnets 2148 according to some embodiments.
Magnetic orientation arrows 2149 have been extended to the
center point 2161 of annular alignment component 2158. As
shown the magnetic field direction can be approximately
radial, with the closeness of the approximation depending on
the number of magnets 2148 and the inner radius of annular
alignment component 2158. In some embodiments, 178
magnets 2148 can provide a pseudo-radial orientation; in
other embodiments, more or fewer magnets can be used. It
should be understood that all references herein to magnets
having a “radial” magnetic orientation include pseudo-radial
magnetic orientations and other magnetic orientations that
are approximately but not purely radial.

[0196] In some embodiments, a radial magnetic orienta-
tion in a secondary alignment component 2118 (e.g., as
shown in FIG. 21B) provides a magnetic force profile
between secondary alignment component 2118 and primary
alignment component 2116 that is the same around the entire
circumference of the magnetic alignment system. The radial
magnetic orientation can also result in greater magnetic
permeance, which allows secondary alignment component
2118 to resist demagnetization as well as enhancing the
attractive force in the axial direction and improving shear
force in the lateral directions when the two components are
aligned.

[0197] FIGS. 22A and 22B show graphs of force profiles
for different magnetic alignment systems, according to some
embodiments. Specifically, FIG. 22A shows a graph 2200 of
vertical attractive (normal) force in the axial (z) direction for
different magnetic alignment systems of comparable size
and using similar types of magnets. Graph 2200 has a
horizontal axis representing displacement from a center of
alignment, where 0 represents the aligned position and
negative and positive values represent displacements from
the aligned position in opposite directions (in arbitrary
units), and a vertical axis showing the normal force (Fyoz-
mar) as a function of displacement in the lateral plane (also
in arbitrary units). For purposes of this description, Fyorazir
is defined as the magnetic force between the primary and
secondary alignment components in the axial direction;
Faorarar™0 represents attractive force while Fy oz, <0
represents repulsive force. Graph 2200 shows normal force
profiles for three different types of magnetic alignment
systems. A first type of magnetic alignment system uses
“central” alignment components, such as a pair of comple-
mentary disc-shaped magnets placed along an axis; a rep-
resentative normal force profile for a central magnetic
alignment system is shown as line 2201 (dot-dash line). A
second type of magnetic alignment system uses annular
alignment components with axial magnetic orientations,
e.g., magnetic alignment system 1800 of FIGS. 18A and
18B; a representative normal force profile for such an
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annular-axial magnetic alignment system is shown as line
2203 (dashed line). A third type of magnetic alignment
system uses annular alignment components with closed-loop
magnetic orientations and radial symmetry (e.g., magnetic
alignment system 2100 of FIGS. 21A and 21B); a represen-
tative normal force profile for a radially symmetric closed-
loop magnetic alignment system is shown as line 2205 (solid
line).

[0198] Similarly, FIG. 22B shows a graph 2220 of lateral
(shear) force in a transverse direction for different magnetic
alignment systems. Graph 2220 has a horizontal axis rep-
resenting lateral displacement in opposing directions from a
center of alignment, using the same convention as graph
2200, and a vertical axis showing the shear force (Fgzz,z)
as a function of direction (in arbitrary units). For purposes
of this description, F;z,x 1s defined as the magnetic force
between the primary and secondary alignment components
in the lateral direction; F gz ,z>0 represents force toward
the left along the displacement axis while F . ,.<O repre-
sents force toward the right along the displacement axis.
Graph 2220 shows shear force profiles for the same three
types of magnetic alignment systems as graph 2200: a
representative shear force profile for a central magnetic
alignment system is shown as line 2221 (dot-dash line); a
representative shear force profile for an annular-axial mag-
netic alignment system is shown as line 2223 (dashed line);
and a representative normal force profile for a radially
symmetric closed-loop magnetic alignment system is shown
as line 2225 (solid line).

[0199] As shown in FIG. 22A, each type of magnetic
alignment system achieves the strongest magnetic attraction
in the axial direction (i.e., normal force) when the primary
and secondary alignment components are in the aligned
position (0 on the horizontal axis), as shown by respective
peaks 2211, 2213, and 2215. While the most strongly
attractive normal force is achieved in the aligned positioned
for all systems, the magnitude of the peak depends on the
type of magnetic alignment system. In particular, a radially-
symmetric closed-loop magnetic alignment system (e.g.,
magnetic alignment system 2100 of FIG. 21) provides
stronger magnetic attraction when in the aligned position
than the other types of magnetic alignment systems. This
strong attractive normal force can overcome small misalign-
ments and can help to hold devices in the aligned position,
thereby can achieving a more accurate and robust alignment
between the primary and secondary alignment components,
which in turn can provide a more accurate and robust
alignment between a portable electronic device and a wire-
less charger device within which the magnetic alignment
system is implemented.

[0200] As shown in FIG. 22B, the strongest shear forces
are obtained when the primary and secondary alignment
components are laterally just outside of the aligned position,
e.g., at =2 and +2 units of separation from the aligned
position, as shown by respective peaks 2231a-b, 2233a-b,
and 2235a-b. These shear forces act to urge the alignment
components toward the aligned position. Similarly to the
normal force, the peak strength of shear force depends on the
type of magnetic alignment system. In particular, a radially-
symmetric closed-loop magnetic alignment system (e.g.,
magnetic alignment system 2100 of FIG. 21) provides
higher magnitude of shear force when just outside of the
aligned position than the other types of magnetic alignment
systems. This strong shear force can provide tactile feedback
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(sometimes described as a sensation of “snappiness”) to help
the user identify when the two components are aligned. In
addition, like the normal force, the shear force can overcome
small misalignments due to frictional force and can achieve
a more accurate and robust alignment between the primary
and secondary alignment components, which in turn can
provide a more accurate and robust alignment between a
portable electronic device and a wireless charger device
within which the magnetic alignment system is imple-
mented.

[0201] Depending on the particular configuration of mag-
nets, various design choices can be used to increase the
sensation of snappiness for a closed-loop magnetic align-
ment system. For example, reducing the amount of magnetic
material in the devices in areas near the magnetic alignment
components—e.g., by using less material or by increasing
the distance between the magnetic alignment component and
the other magnetic material—can reduce stray fields and
increase the perceived “snapping” effect of the magnetic
alignment components. As another example, increasing the
magnetic-field strength of the alignment magnets (e.g., by
increasing the amount of material) can increase both shear
and normal forces. As yet another example, the widths of the
magnetized regions in the primary annular alignment com-
ponent (and/or the relative strength of the magnetic field in
each region) can be optimized based on the particular
magnetic orientation pattern for the secondary annular align-
ment component (e.g., whether the secondary annular align-
ment components have the purely radial magnetic orienta-
tion of FIG. 21C or the pseudo-radial magnetic orientation
of FIG. 21D). Another consideration can be the coefficient of
friction between the surfaces of the devices containing
primary and secondary alignment components; lower fric-
tion decreases resistance to the shear force exerted by the
annular magnetic alignment components.

[0202] A radially-symmetric closed-loop magnetic align-
ment system (e.g., magnetic alignment system 2100 of
FIGS. 21A and 21B) can provide accurate and robust
alignment in the axial and lateral directions. Further, because
of the radial symmetry, the alignment system does not have
a preferred rotational orientation in the lateral plane about
the axis; the shear force profile can be the same regardless
of relative rotational orientation of the electronic devices
being aligned.

[0203] In some embodiments, a closed-loop magnetic
alignment system can be designed to provide one or more
preferred rotational orientations. FIG. 23 shows a simplified
top-down view of a secondary alignment component 2318
according to some embodiments. Secondary alignment com-
ponent 2318 includes sectors 2328a-/ having radial mag-
netic orientations as shown by magnetic polarity indicators
2317a-h. Each of sectors 2328a-/ can include one or more
secondary arcuate magnets. In this example, secondary
magnets in sectors 2328b, 23284, 2328, and 2328/ each
have a north magnetic pole oriented toward the radially
outward side and a south magnetic pole toward the radially
inward side, while secondary magnets in sectors 2328a,
2328c, 2328¢, and 2328g each have a north magnetic pole
oriented toward the radially inward side and a south mag-
netic pole toward the radially outward side. In other words,
magnets in adjacent sectors 2328a-/ of secondary alignment
component 2318 have alternating magnetic orientations.
[0204] A complementary primary alignment component
can have sectors with correspondingly alternating magnetic
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orientations. For example, FIG. 24A shows a perspective
view of a magnetic alignment system 2400 according to
some embodiments. Magnetic alignment system 2400
includes a secondary alignment component 2418 having
alternating radial magnetic orientations (e.g., as shown in
FIG. 23) and a complementary primary alignment compo-
nent 2416. Some of the arcuate sections of magnetic align-
ment system 2400 are not shown in order to reveal internal
structure; however, it should be understood that magnetic
alignment system 2400 can be a complete annular structure.
Also shown are components 2402, which can include, for
example, inductive coil assemblies or other components
located within the central region of primary annular align-
ment component 2416 and/or secondary annular alignment
component 2418. Magnetic alignment system 2400 can be a
closed-loop magnetic alignment system similar to magnetic
alignment system 1900 described above and can include
arcuate sectors 24015, 2401¢ of alternating magnetic orien-
tations, with each arcuate sector 24015, 2401¢ including one
or more arcuate magnets in each of primary annular align-
ment component 2416 and secondary annular alignment
component 2418. In some embodiments, the closed-loop
configuration of magnetic alignment system 2400 can
reduce or prevent magnetic field leakage that may affect
component 2402. Like magnetic alignment system 2100,
magnetic alignment system 2400 can include a gap 2403
between two sectors.

[0205] FIG. 24B shows an axial cross-section view
through one of arcuate sectors 24015, and FIG. 24C shows
an axial cross-section view through one of arcuate sectors
2401c. Arcuate sector 24015 includes a primary magnet
24265 and a secondary magnet 2428b. As shown by orien-
tation indicator 2417, secondary magnet 24285 has a
magnetic polarity oriented in a radially outward direction,
i.e., the north magnetic pole is toward the radially outward
side of magnetic alignment system 2400. Like primary
magnets 1926 described above, primary magnet 24265
includes an inner arcuate magnetic region 24525b, an outer
arcuate magnetic region 2454b, and a central non-magne-
tized region 24565 (which can include, e.g., an air gap or a
region of nonmagnetic or non-magnetized material). Inner
arcuate magnetic region 24525 has a magnetic polarity
oriented axially such that the north magnetic pole is toward
secondary magnet 2428b, as shown by indicator 24535,
while outer arcuate magnetic region 24545 has an opposite
magnetic orientation, with the south magnetic pole oriented
toward secondary magnet 2428b, as shown by indicator
24555b. As described above with reference to FIG. 19B, the
arrangement of magnetic orientations shown in FIG. 24B
results in magnetic attraction between primary magnet
24265 and secondary magnet 24285.

[0206] As shown in FIG. 24C, arcuate sector 2401¢ has a
“reversed” magnetic orientation relative to arcuate sector
24015. Arcuate sector 2401c¢ includes a primary magnet
2426¢ and a secondary magnet 2428¢. As shown by orien-
tation indicator 2417¢, secondary magnet 2428¢ has a mag-
netic polarity oriented in a radially inward direction, i.e., the
north magnetic pole is toward the radially inward side of
magnetic alignment system 2400. Like primary magnets
1926 described above, primary magnet 2426¢ includes an
inner arcuate magnetic region 2452¢, an outer arcuate mag-
netic region 2454c¢, and a central non-magnetized region
2456¢ (which can include, e.g., an air gap or a region of
nonmagnetic or non-magnetized material). Inner arcuate
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magnetic region 2452¢ has a magnetic polarity oriented
axially such that the south magnetic pole is toward second-
ary magnet 2428c, as shown by indicator 2453¢, while outer
arcuate magnetic region 2454c¢ has an opposite magnetic
orientation, with the north magnetic pole oriented toward
secondary magnet 2428¢, as shown by indicator 2455¢. As
described above with reference to FIG. 19B, the arrange-
ment of magnetic orientations shown in FIG. 24C results in
magnetic attraction between primary magnet 2426c¢ and
secondary magnet 2428c.

[0207] An alternating arrangement of magnetic polarities
as shown in FIGS. 23 and 24A-8C can create a “ratcheting”
feel when secondary alignment component 2418 is aligned
with primary alignment component 2416 and one of align-
ment components 2416, 2418 is rotated relative to the other
about the common axis. For instance, as secondary align-
ment component 2416 is rotated relative to primary align-
ment component 2416, each radially-outward magnet 24285
alternately comes into proximity with a complementary
magnet 24265 of primary alignment component 2416,
resulting in an attractive magnetic force, or with an anti-
complementary magnet 2426¢ of primary alignment com-
ponent 2416, resulting in a repulsive magnetic force. If
primary magnets 24265, 2426¢ and secondary magnets
2428b, 2428¢ have the same angular size and spacing, in any
given orientation, each pair of magnets will experience
similar net (attractive or repulsive) magnetic forces such that
alignment is stable and robust in rotational orientations in
which complementary magnet pairs 24265, 24286 and
2426¢, 2428¢ are in proximity. In other rotational orienta-
tions, a torque toward a stable rotational orientation can be
experienced.

[0208] In the examples shown in FIGS. 23 and 24A-8C,
each sector includes one magnet, and the direction of
magnetic orientation alternates with each magnet. In some
embodiments, a sector can include two or more magnets
having the same direction of magnetic orientation. For
example, FIG. 25A shows a simplified top-down view of a
secondary alignment component 2518 according to some
embodiments. Secondary alignment component 2518
includes secondary magnets 25285 with radially outward
magnetic orientations and secondary magnets 2528¢ with
radially inward orientations, similarly to secondary align-
ment component 2418 described above. In this example, the
magnets are arranged such that a pair of outwardly-oriented
magnets 25285 (forming a first sector 2501) are adjacent to
a pair of inwardly-oriented magnets 2528¢ (forming a sec-
ond sector 2503 adjacent to first sector 2501). The pattern of
alternating sectors (with two magnets per sector) repeats
around the circumference of secondary alignment compo-
nent 2518. Similarly, FIG. 25B shows a simplified top-down
view of another secondary alignment component 2518'
according to some embodiments. Secondary alignment com-
ponent 2518' includes secondary magnets 25285 with radi-
ally outward magnetic orientations and secondary magnets
2528c¢ with radially inward orientations. In this example, the
magnets are arranged such that a group of four radially-
outward magnets 25285 (forming a first sector 2511) is
adjacent to a group of four radially-inward magnets 2528¢
(forming a second sector 2513 adjacent to first sector 2511).
The pattern of alternating sectors (with four magnets per
sector) repeats around the circumference of secondary align-
ment component 2518'. Although not shown in FIGS. 25A
and 25B, the structure of a complementary primary align-
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ment component for secondary alignment component 2518
or 2518 should be apparent in view of FIGS. 24A-8C. A
shear force profile for the alignment components of FIGS.
25A and 25B can be similar to the ratcheting profile
described above, although the number of rotational orienta-
tions that provide stable alignment will be different.

[0209] In other embodiments, a variety of force profiles
can be created by changing the magnetic orientations of
different sectors within the primary and/or secondary align-
ment components. As just one example, FIG. 26 shows a
simplified top-down view of a secondary alignment com-
ponent 2618 according to some embodiments. Secondary
alignment component has sectors 2628a-/# with sector-de-
pendent magnetic orientations as shown by magnetic polar-
ity indicators 2617a-/. In this example, secondary alignment
component 2618 can be regarded as bisected by bisector line
2601, which defines two halves of secondary alignment
component 2618. In a first half 2603, sectors 2628e-/ have
magnetic polarities oriented radially outward, similarly to
examples described above.

[0210] In the second half 2605, sectors 2628a-d have
magnetic polarities oriented substantially parallel to bisector
line 2601 rather than radially. In particular, sectors 2628a
and 262856 have magnetic polarities oriented in a first
direction parallel to bisector line 2601, while sectors 2628¢
and 26284 have magnetic polarities oriented in the direction
opposite to the direction of the magnetic polarities of sectors
2628a and 2628b. A complementary primary alignment
component can have an inner annular region with magnetic
north pole oriented toward secondary alignment component
2618, an outer annular region with magnetic north pole
oriented away from secondary alignment component 2618,
and a central non-magnetized region, providing a closed-
loop magnetic orientation as described above. The asym-
metric arrangement of magnetic orientations in secondary
alignment component 2618 can modify the shear force
profile such that secondary alignment component 2618
generates less shear force resisting motion in the direction
toward second half 2605 (upward in the drawing) than in the
direction toward first half 2603 (downward in the drawing).
In some embodiments, an asymmetrical arrangement of this
kind can be used where the primary alignment component is
mounted in a docking station and the secondary alignment
component is mounted in a portable electronic device that
docks with the docking station. Assuming secondary annular
alignment component 2618 is oriented in the portable elec-
tronic device such that half-annulus 2605 is toward the top
of the portable electronic device, the asymmetric shear force
can facilitate an action of sliding the portable electronic
device downward to dock with the docking station or
upward to remove it from the docking station, while still
providing an attractive force to draw the portable electronic
device into a desired alignment with the docking station.

[0211] Inthe embodiments described above, the secondary
annular magnetic alignment component has a magnetic
orientation that is generally aligned in the transverse plane.
In some alternative embodiments, a secondary annular mag-
netic alignment component can instead have a quad-pole
configuration similar to that of primary annular magnetic
alignment component 1916 of FIGS. 19A and 19B, with or
without a DC shield (which, if present, can be similar to DC
shield 1914 of FIGS. 19A and 19B) on the distal surface of
the secondary arcuate magnets. Using quad-pole magnetic
configurations in both the primary and secondary alignment
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components can provide a closed-loop DC magnetic flux
path and a strong sensation of “snappiness”; however, the
thickness of the secondary magnetic alignment component
may need to be increased to accommodate the quad-pole
magnets and DC shield, which may increase the overall
thickness of a portable electronic device that houses the
secondary magnetic alignment component. To reduce thick-
ness, the DC shield on the distal surface of the secondary
alignment component can be omitted; however, omitting the
DC shield may result in increased flux leakage into neigh-
boring components.

[0212] It will be appreciated that the foregoing examples
are illustrative and not limiting. Sectors of a primary and/or
secondary alignment component can include magnetic ele-
ments with the magnetic polarity oriented in any desired
direction and in any combination, provided that the primary
and secondary alignment components of a given magnetic
alignment system have complementary magnetic orienta-
tions that exert forces toward the desired position of align-
ment. Different combinations of magnetic orientations may
create different shear force profiles, and the selection of
magnetic orientations may be made based on a desired shear
force profile (e.g., high snappiness), avoidance of DC flux
leakage into other components, and other design consider-
ations.

[0213] In various embodiments described above, a mag-
netic alignment system can provide robust alignment in a
lateral plane and may or may not provide rotational align-
ment. For example, radially symmetric magnetic alignment
system 2100 of FIGS. 21A-5B may not define a preferred
rotational orientation. Radially alternating magnetic align-
ment system 2400 of FIGS. 24A-8C can define multiple
equally preferred rotational orientations. For some applica-
tions, such as alignment of a portable electronic device with
a wireless charger puck or mat, rotational orientation may
not be a concern. In other applications, such as alignment of
a portable electronic device in a docking station or other
mounting accessory, a particular rotational alignment may
be desirable. Accordingly, in some embodiments an annular
magnetic alignment component can be augmented with one
or more rotational alignment components positioned out-
board of and spaced apart from the annular magnetic align-
ment components. The rotational alignment component(s)
can help guide devices into a target rotational orientation
relative to each other.

[0214] FIG. 27 shows an example of a magnetic alignment
system with an annular alignment component and a rota-
tional alignment component according to some embodi-
ments. FIG. 27 shows respective proximal surfaces of a
portable electronic device 2704 and an accessory 2702. In
this example, primary alignment components of the mag-
netic alignment system are included in an accessory device
2702, and secondary alignment components of the magnetic
alignment system are included in a portable electronic
device 2704. Portable electronic device 2704 can be, for
example, a smart phone whose front surface provides a
touchscreen display and whose back surface is designed to
support wireless charging. Accessory device 2702 can be,
for example, a charging dock that supports portable elec-
tronic device 2704 such that its display is visible and
accessible to a user. For instance, accessory device 2702 can
support portable electronic device 2704 such that the display
is vertical or at a conveniently tilted angle for viewing and/or
touching. In the example shown, accessory device 2702
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supports portable electronic device 2704 in a “portrait”
orientation (shorter sides of the display at the top and
bottom); however, in some embodiments accessory device
2702 can support portable electronic device 2704 in a
“landscape” orientation (longer sides of the display at the
top and bottom). Accessory device 2702 can also be
mounted on a swivel, gimbal, or the like, allowing the user
to adjust the orientation of portable electronic device 2704
by adjusting the orientation of accessory device 2702.
[0215] As described above, components of a magnetic
alignment system can include a primary annular alignment
component 2716 disposed in accessory 2702 and a second-
ary annular alignment component 2718 disposed in portable
electronic device 2704. Primary annular alignment compo-
nent 2716 can be similar or identical to any of the primary
alignment components described above. For example, pri-
mary annular alignment component 2716 can be formed of
arcuate magnets 2726 arranged in an annular configuration.
Although not shown in FIG. 27, one or more gaps can be
provided in primary annular alignment component 2716,
e.g., by omitting one or more of arcuate magnets 2726 or by
providing a gap at one or more interfaces 2730 between
adjacent arcuate magnets 2726. In some embodiments, each
arcuate magnet 2726 can include an inner arcuate region
having a first magnetic orientation (e.g., axially oriented in
a first direction), an outer arcuate region having a second
magnetic orientation opposite the first magnetic orientation
(e.g., axially oriented opposite the first direction), and a
central non-magnetized arcuate region between the inner
and outer regions (as described above, the non-magnetized
central region can include an air gap or a nonmagnetic
material). In some embodiments, primary annular alignment
component 2716 can also include a DC shield (not shown)
on the distal side of arcuate magnets 2726.

[0216] Likewise, secondary annular alignment component
2718 can be similar or identical to any of the secondary
alignment components described above. For example, sec-
ondary annular alignment component 2718 can be formed of
arcuate magnets 2728 arranged in an annular configuration.
Although not shown in FIG. 27, one or more gaps can be
provided in secondary annular alignment component 2718,
e.g., by omitting one or more arcuate magnets 2728 or by
providing a gap at one or more interfaces 2732 between
adjacent magnets 2728. As described above, arcuate mag-
nets 2728 can provide radially-oriented magnetic polarities.
For instance, all sectors of secondary annular alignment
component 2718 can have a radially-outward magnetic
orientation or a radially-inward magnetic orientation, or
some sectors of secondary annular alignment component
2718 may have a radially-outward magnetic orientation
while other sectors of secondary annular alignment compo-
nent 2718 have a radially-inward magnetic orientation.
[0217] As described above, primary annular alignment
component 2716 and secondary annular alignment compo-
nent 2718 can provide shear forces that promote alignment
in the lateral plane so that center point 2701 of primary
annular alignment component 2716 aligns with center point
2703 of secondary annular alignment component 2718.
However, primary annular alignment component 2716 and
secondary annular alignment component 2718 might not
provide torque forces that favor any particular rotational
orientation, such as portrait orientation.

[0218] Accordingly, in some embodiments, a magnetic
alignment system can incorporate one or more rotational
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alignment components in addition to the annular alignment
components. The rotational alignment components can
include one or more magnets that provide torque about the
common axis of the (aligned) annular alignment compo-
nents, so that a preferred rotational orientation can be
reliably established. For example, as shown in FIG. 27, a
primary rotational alignment component 2722 can be dis-
posed outboard of and spaced apart from primary annular
alignment component 2716 while a secondary rotational
alignment component 2724 is disposed outboard of and
spaced apart from secondary annular alignment component
2718. Secondary rotational alignment component 2724 can
be positioned at a fixed distance (y,) from center point 2703
of secondary annular alignment component 2718 and cen-
tered between the side edges of portable electronic device
2704 (as indicated by distance x, from either side edge).
Similarly, primary rotational alignment component 2722 can
be positioned at the same distance y,, from center point 2701
of primary annular alignment component 2716 and located
at a rotational angle that results in a torque profile that favors
the desired orientation of portable electronic device 2704
relative to accessory 2702 when secondary rotational align-
ment component 2724 is aligned with primary rotational
alignment component 2722. It should be noted that the same
distance y, can be applied in a variety of portable electronic
devices having different form factors, so that a single
accessory can be compatible with a family of portable
electronic devices. A longer distance y, can increase torque
toward the preferred rotational alignment; however, the
maximum distance y, may be limited by design consider-
ations, such as the size of the smallest portable electronic
device in a family of portable electronic devices that incor-
porate mutually compatible magnetic alignment systems.

[0219] According to some embodiments, each of primary
rotational alignment component 2722 and secondary rota-
tional alignment component 2724 can be implemented using
one or more magnets (e.g., rare earth magnets such as
NdFeB) each of which has each been magnetized such that
its magnetic polarity is oriented in a desired direction. In the
example of FIG. 27, the magnets have rectangular shapes;
however, other shapes (e.g., rounded shapes) can be substi-
tuted. The magnetic orientations of rotational alignment
components 2722 and 2724 can be complementary so that
when the proximal surfaces of rotational alignment compo-
nents 2722 and 2724 are near each other, an attractive
magnetic force is exerted. This attractive magnetic force can
help to rotate portable electronic device 2704 and accessory
2702 into a preferred rotational orientation in which the
proximal surfaces of rotational alignment components 2722
and 2724 are aligned with each other. Examples of magnetic
orientations for rotational alignment components 2722 and
2724 that can be used to provide a desired attractive force
are described below. In some embodiments, primary rota-
tional alignment component 2722 and secondary rotational
alignment component 2724 can have the same lateral (xy)
dimensions and the same thickness. The dimensions can be
chosen based on a desired magnetic field strength and/or
torque, the dimensions of devices in which the rotational
alignment components are to be deployed, and other design
considerations. In some embodiments, the lateral dimen-
sions can be about 6 mm (x direction) by about 27 mm (y
direction), and the thickness can be anywhere from about 0.3
mm to about 1.5 mm; the particular dimensions can be
chosen based on the sizes of the devices that are to be
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aligned. In some embodiments, each of primary rotational
alignment component 2722 and secondary rotational align-
ment component 2724 can be implemented using two or
more rectangular blocks of magnetic material positioned
adjacent to each other. As in other embodiments, a small gap
may be present between adjacent magnets, e.g., due to
manufacturing tolerances.

[0220] FIGS. 28A and 28B show an example of rotational
alignment according to some embodiments. In FIG. 28A,
accessory 2702 is placed on the back surface of portable
electronic device 2704 such that primary annular alignment
component 2716 and secondary alignment component 2718
are aligned with each other in the lateral plane such that, in
the view shown, center point 2701 of primary annular
alignment component 2716 overlies center point 2703 of
secondary annular alignment component 2718. A relative
rotation is present such that rotational alignment compo-
nents 2722 and 2724 are not aligned. In this configuration,
an attractive force between rotational alignment components
2722 and 2724 can urge portable electronic device 2704 and
accessory 2702 toward a target rotational orientation. In
FIG. 28B, the attractive magnetic force between rotational
alignment components 2722 and 2724 has brought portable
electronic device 2704 and accessory 2702 into the target
rotational alignment with the sides of portable electronic
device 2704 parallel to the sides of accessory 2702. In some
embodiments, the attractive magnetic force between rota-
tional alignment components 2722 and 2724 can also help to
hold portable electronic device 2704 and accessory 2702 in
a fixed rotational alignment.

[0221] Rotational alignment components 2722 and 2724
can have various patterns of magnetic orientations. As long
as the magnetic orientations of rotational alignment com-
ponents 2722 and 2724 are complementary to each other, a
torque toward the target rotational orientation can be present
when the devices are brought into lateral alignment and
close to the target rotational orientation. FIGS. 29A-21B
show examples of magnetic orientations for a rotational
alignment component according to various embodiments.
While the magnetic orientation is shown for only one
rotational alignment component, it should be understood
that the magnetic orientation of a complementary rotational
alignment component can be complementary to the mag-
netic orientation of shown.

[0222] FIGS. 29A and 29B show a perspective view and
a top view of a rotational alignment component 2924 having
a “z-pole” configuration according to some embodiments. It
should be understood that the perspective view is not to any
particular scale and that the lateral (xy) dimensions and axial
(z) thickness can be varied as desired. As shown in FIG.
29A, rotational alignment component 2924 can have a
uniform magnetic orientation along the axial direction, as
indicated by arrows 2905. Accordingly, as shown in FIG.
29B, a north magnetic pole (N) may be nearest the proximal
surface 2903 of rotational alignment component 2924. A
complementary z-pole alignment component can have a
uniform magnetic orientation with a south magnetic pole
nearest the proximal surface. The z-pole configuration can
provide reliable alignment.

[0223] Other configurations can provide reliable align-
ment as well as a stronger, or more salient, “clocking”
sensation for the user. A “clocking sensation,” in this con-
text, refers to a user-perceptible torque about the common
axis of the annular alignment components that urges toward
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the target rotational alignment and/or resists small displace-
ments from the target rotational alignment. A greater varia-
tion of torque as a function of rotational angle can provide
a more salient clocking sensation. Following are examples
of magnetization configurations for a rotational alignment
component that can provide more salient clocking sensations
than the z-pole configuration of FIGS. 29A and 29B.

[0224] FIGS. 30A and 30B show a perspective view and
a top view of a rotational alignment component 3024 having
a “quad pole” configuration according to some embodi-
ments. It should be understood that the perspective view is
not to any particular scale and that the lateral (xy) dimen-
sions and axial (z) thickness can be varied as desired. As
shown in FIG. 30A, rotational alignment component 3024
has a first magnetized region 3025 with a magnetic orien-
tation along the axial direction such that the north magnetic
pole (N) is nearest the proximal (+z) surface 3003 of
rotational alignment component 3024 (as indicated by arrow
3005) and a second magnetized region 3027 with a magnetic
orientation opposite to the magnetic orientation of the first
region such that the south magnetic pole (S) is nearest to
proximal surface 3003 (as indicated by arrows 3007).
Between magnetized regions 3025 and 3027 is a central
region 3029 that is not magnetized. In some embodiments,
rotational alignment component 3024 can be formed from a
single piece of magnetic material that is exposed to a
magnetizer to create regions 3025, 3027, 3029. Alterna-
tively, rotational alignment component 3024 can be formed
using two pieces of magnetic material with a nonmagnetic
material or an air gap between them. As shown in FIG. 30B,
the proximal surface of rotational alignment component
3024 can have one region having a “north™ polarity and
another region having a “south” polarity. A complementary
quad-pole rotational alignment component can have corre-
sponding regions of south and north polarity at the proximal
surface.

[0225] FIGS. 31A and 31B show a perspective view and
a top view of a rotational alignment component 3124 having
an “annulus design” configuration according to some
embodiments. It should be understood that the perspective
view is not to any particular scale and that the lateral (xy)
dimensions and axial (z) thickness can be varied as desired.
As shown in FIG. 31A, rotational alignment component
3124 has an annular outer magnetized region 3125 with a
magnetic orientation along the axial direction such that the
north magnetic pole (N) is nearest the proximal (+z) surface
3103 of rotational alignment component 3124 (as shown by
arrows 3105) and an inner magnetized region 3127 with a
magnetic orientation opposite to the magnetic orientation of
the first region such that the south magnetic pole (S) is
nearest to proximal surface 3103. Between magnetized
regions 3125 and 3127 is a neutral annular region 3129 that
is not magnetized. In some embodiments, rotational align-
ment component 3124 can be formed from a single piece of
magnetic material that is exposed to a magnetizer to create
regions 3125, 3127, 3129. Alternatively, rotational align-
ment component 3124 can be formed using two or more
pieces of magnetic material with a nonmagnetic material or
an air gap between them. As shown in FIG. 31B, the
proximal surface of rotational alignment component 3124
can have an annular outer region having a “north” polarity
and an inner region having a “south” polarity. The proximal
surface of a complementary annulus-design rotational align-
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ment component can have an annular outer region of south
polarity and an inner region of north polarity.

[0226] FIGS. 32A and 32B show a perspective view and
a top view of a rotational alignment component 3224 having
a “triple pole” configuration according to some embodi-
ments. It should be understood that the perspective view is
not to any particular scale and that the lateral (xy) dimen-
sions and axial (z) thickness can be varied as desired. As
shown in FIG. 32A, rotational alignment component 3224
has a central magnetized region 3225 with a magnetic
orientation along the axial direction such that the south
magnetic pole (S) is nearest the proximal (+z) surface 3203
of rotational alignment component 3224 (as shown by arrow
3205) and outer magnetized regions 3227, 3229 with a
magnetic orientation opposite to the magnetic orientation of
central region 3225 such that the north magnetic pole (N) is
nearest to proximal surface 3203 (as shown by arrows 3207,
3209). Between central magnetized region 3225 and each of
outer magnetized regions 3227, 3229 is a neutral region
3231, 3233 that is not strongly magnetized. In some embodi-
ments, rotational alignment component 3224 can be formed
from a single piece of magnetic material that is exposed to
a magnetizer to create regions 3225, 3227, 3229. Alterna-
tively, rotational alignment component 3224 can be formed
using three (or more) pieces of magnetic material with
nonmagnetic materials or air gaps between them. As shown
in FIG. 32B, the proximal surface may have a central region
having a “south” polarity with an outer region having
“north” polarity to either side. The proximal surface of a
complementary triple-pole rotational alignment component
can have a central region of north polarity with an outer
region of south polarity to either side.

[0227] It should be understood that the examples in FIGS.
29A-21B are illustrative and that other configurations may
be used. The selection of a magnetization pattern for a
rotational alignment component can be independent of the
magnetization pattern of an annular alignment component
with which the rotational alignment component is used.
[0228] In some embodiments, the selection of a magneti-
zation pattern for a rotational alignment component can be
based on optimizing the torque profile. For example, as
noted above, it may be desirable to provide a salient clock-
ing sensation to a user when close to the desired rotational
alignment. The clocking sensation can be a result of torque
about a rotational axis defined by the annular alignment
components. The amount of torque depends on various
factors, including the distance between the axis and the
rotational alignment component (distance y0 in FIG. 27) and
the length (in the y direction as defined in FIG. 27) of the
rotational alignment component, as well as the strength of
the magnetic fields of the rotational alignment components
(which may depend on the size of the rotational alignment
components) and whether the annular alignment compo-
nents exert any torque toward a preferred rotational orien-
tation.

[0229] FIG. 33 shows a graph of torque as a function of
angular rotation (in degrees) for an alignment system of the
kind shown in FIG. 27, for different magnetization configu-
rations of the rotational alignment component according to
various embodiments. Angular rotation is defined such that
zero degrees corresponds to the target rotational alignment
(where the proximal surfaces of rotational angular compo-
nents 2722 and 2724 are in closest proximity, e.g., as shown
in FIG. 28B). Torque is defined such that positive (negative)
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values indicate force in the direction of decreasing (increas-
ing) rotational angle. For purpose of generating the torque
profiles, it is assumed that annular alignment components
2716 and 2718 are rotationally symmetric and do not exert
torque about the z axis defined by center points 2701 and
2703. Three different magnetization configurations are con-
sidered. Line 3304 corresponds to the quad-pole configura-
tion of FIGS. 30A and 30B. Line 3305 corresponds to the
annulus design configuration of FIGS. 31A and 31B. Line
3306 corresponds to the triple-pole configuration of FIGS.
32A and 32B. As shown, the annulus design (line 3305) and
triple-pole (line 3306) configurations provide a sharper peak
in the torque and therefore a more salient clocking sensation
for the user, as compared to the quad-pole configuration (line
3304). In addition, the triple-pole configuration provides a
stronger peak torque and therefore a more salient clocking
sensation than the annulus-design configuration. (The triple-
pole configuration can also provide reduced flux leakage as
compared to other configurations.) It should be understood
that the numerical values in FIG. 33 are illustrative, and that
torque in a particular embodiment may depend on a variety
of other factors in addition to the magnetization configura-
tion, such as the magnet volume, aspect ratio, and distance
y0 from the center of the annular alignment component.

[0230] In the example shown in FIG. 27, a single rota-
tional alignment component is placed outboard of the annu-
lar alignment component at a distance y,, from the center of
the annular alignment component. This arrangement allows
a single magnetic element to generate torque that produces
a salient clocking sensation for a user aligning devices. In
some embodiments, other arrangements are also possible.
For example, FIG. 34 shows a portable electronic device
3404 having an alignment system 3400 with multiple rota-
tional alignment components according to some embodi-
ments. In this example, alignment system 3400 includes an
annular alignment component 3418 and a set of rotational
alignment components 3424 positioned at various locations
around the perimeter of annular alignment component 3418.
In this example, there are four rotational alignment compo-
nents 3424 positioned at angular intervals of approximately
90 degrees. In other embodiments, different numbers and
spacing of rotational alignment components can be used.
Each rotational alignment component 3424 can have any of
the magnetization configurations described above, including
z-pole, quad-pole, triple-pole, or annulus-design configura-
tions, or a different configuration. Further, different rota-
tional alignment components 3424 can have different mag-
netization configurations from each other. It should be noted
that rotational alignment components 3424 can be placed
close to the perimeter of annular alignment component
3418, and the larger number of magnetic components can
provide sufficient torque with a shorter lever arm. Comple-
mentary rotational alignment components can be disposed
around the outer perimeter of any type of annular alignment
component (e.g., primary alignment components, secondary
alignment components, or annular alignment components as
described herein).

[0231] It will be appreciated that the foregoing examples
of rotational alignment components are illustrative and that
variations or modifications are possible. In some embodi-
ments, a rotational alignment component can be provided as
an optional adjunct to an annular alignment component, and
a device that has both an annular alignment component and
a rotational alignment component can align laterally to any

Mar. 31, 2022

other device that has a complementary annular alignment
component, regardless of whether the other device has or
does not have a rotational alignment component. Thus, for
example, portable electronic device 2704 of FIG. 27 can
align rotationally to accessory 2702 (which has both annular
alignment component 2716 and rotational alignment com-
ponent 2722) as well as aligning laterally to another acces-
sory (such as wireless charger device 2000 of FIG. 20) that
has annular alignment component 2716 but not rotational
alignment component 2722. In the latter case, lateral align-
ment can be achieved, e.g., to support efficient wireless
charging, but there may be no preferred rotational align-
ment, or rotational alignment may be achieved using a
nonmagnetic feature (e.g., a mechanical retention feature
such as a ledge, a clip, a notch, or the like). A rotational
magnetic alignment component can be used together with
any type of annular magnetic alignment component (e.g.,
primary annular magnetic alignment components, secondary
annular magnetic alignment components, or auxiliary annu-
lar magnetic alignment components as described below).

[0232] In some embodiments, a magnetic alignment sys-
tem can align more than two devices. Examples of magnetic
alignment systems with three annular alignment components
(referred to as primary, secondary, and auxiliary annular
magnetic alignment components) will now be described. It
should be understood that the primary and secondary annu-
lar magnetic alignment components described in this section
can be identical to primary and secondary annular magnetic
alignment components described above and that a given pair
primary and secondary annular magnetic alignment compo-
nents can be used with or without an auxiliary annular
magnetic alignment component. It should also be under-
stood that a system where alignment is desired may include
more than three devices and that additional auxiliary annular
alignment components can be provided to facilitate align-
ment of more than three devices.

[0233] FIG. 35 shows a simplified representation of a
wireless charging system 3500 incorporating a three-com-
ponent magnetic alignment system 3506 according to some
embodiments. Wireless charging system 3500 includes a
portable electronic device 3504, a wireless charger device
3502, and an accessory 3520 positioned between portable
electronic device 3504 and wireless charger device 3502.
Portable electronic device 3504 can be a consumer elec-
tronic device, such as a smart phone, tablet, wearable device,
or the like, or any other electronic device for which wireless
charging is desired. Wireless charger device 3502 can be any
device that is configured to generate time-varying magnetic
flux to induce a current in a suitably configured receiving
device. For instance, wireless charger device 3502 can be a
wireless charging mat, puck, docking station, or the like.
Wireless charger device 3502 can include or have access to
a power source such as battery power or standard AC power.

[0234] To enable wireless power transfer, portable elec-
tronic device 3504 and wireless charger device 3502 can
include inductive coils 3510 and 3512, respectively, which
can operate to transfer power between them. For example,
inductive coil 3512 can be a transmitter coil that generates
a time-varying magnetic flux 3514, and inductive coil 3510
can be a receiver coil in which an electric current is induced
in response to time-varying magnetic flux 3514. The
received electric current can be used to charge a battery of
portable electronic device 3504, to provide operating power
to a component of portable electronic device 3504, and/or
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for other purposes as desired. In some embodiments, wire-
less power transfer between wireless charger device 3502
and portable electronic device 3504 can occur regardless of
whether accessory 3520 is present.

[0235] Accessory 3520 can be an accessory that is used
with portable electronic device 3504 to protect, enhance,
and/or supplement the aesthetics and/or functions of por-
table electronic device 3504. For example, accessory 3520
can be a protective case, an external battery pack, a camera
attachment, or any other charge-through accessory. In some
embodiments, accessory 3520 can include one or more
wireless charging coils 3538. For example, accessory 3520
can be a portable external battery pack that can be attached
to and carried together with portable electronic device 3504.
In some embodiments, accessory 3520 can operate wireless
charging coil 3538 as a receiver coil to charge its onboard
battery (e.g., from wireless charger device 3502) or as a
transmitter coil to provide power to portable electronic
device 3504. In some embodiments, accessory 3520 cam
include separate transmitter and receiver coils 3538. Acces-
sory 3520 can operate coil(s) 3538 to transmit power or to
receive and store power depending on current conditions. In
still other embodiments, accessory 3520 can be an “unpow-
ered” or “passive” accessory such as a case that contains no
active circuitry, and wireless charging coil 3538 can be
omitted. In such cases, accessory 3520 can be designed not
to inhibit wireless power transfer between wireless charger
device 3502 and portable electronic device 3504. For
instance, relevant portions of accessory 3520 can be made of
a material such as plastic, leather, or other material that is
transparent to time-varying magnetic flux 3514.

[0236] To enable efficient wireless power transfer, it is
desirable to align inductive coils 3512 and 3510 (and coil
3538 in embodiments where coil 3538 is present). Accord-
ing to some embodiments, magnetic alignment system 3506
can provide such alignment. In the example shown in FIG.
35, magnetic alignment system 3506 includes a primary
magnetic alignment component 3516 disposed within or on
a surface of wireless charger device 3502, a secondary
magnetic alignment component 3518 disposed within or on
a surface of portable electronic device 3504, and an auxiliary
magnetic alignment component 3570 disposed within or on
a surface of accessory 3520. Primary, secondary, and aux-
iliary magnetic alignment components 3516, 3518, and 3570
are configured to magnetically attract one another into an
aligned position in which inductive coils 3510 and 3512
(and/or 3538 if present) are aligned with one another to
provide efficient wireless power transfer.

[0237] Magnetic alignment system 3506 can enable
modularity in that various types of accessories 3520 can
align with primary and/or secondary magnetic alignment
components 3516, 3518, provided that accessory 3520
includes auxiliary alignment component 3570. For instance,
in some embodiments (e.g., where accessory 3520 is a
protective case), accessory 3520 can mechanically couple to
portable electronic device 3504 in a fixed position such that
auxiliary magnetic alignment component 3570 is aligned
with secondary magnetic alignment component 3518, and
portable electronic device 3504 can rely wholly or partially
on auxiliary magnetic alignment component 3570 to align
with primary alignment component 3518 of wireless charger
device 3502. Accordingly, when accessory 3520 is posi-
tioned on charging surface 3508 of wireless charger device
3502 such that primary alignment component 3516 is
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aligned with auxiliary alignment component 3570, second-
ary alignment component 3518 of portable electronic device
3504 is also aligned with primary alignment component
3570, and efficient wireless power transfer is supported.

[0238] As another example, in some embodiments where
accessory 3520 is an external battery, auxiliary alignment
component 3570 can attract to and align with secondary
alignment component 3518 so that power from an internal
power source (not shown) within accessory 3520 can be
wirelessly transferred to portable electronic device 3504
using inductive coil 3538 and inductive coil 3510. The
modularity of magnetic alignment system 3506 can also
enable wireless charger device 3502 to stack with portable
electronic device 3504 and accessory 3520. For example,
auxiliary alignment component 3570 can attract and align to
secondary alignment component 3518 and at the same time
can attract and align to primary alignment component 3516.
Accordingly, when portable electronic device 3504, acces-
sory 3520, and wireless charger device 3502 are all stacked
together, power can be transmitted wirelessly from wireless
charger device 3502 to accessory 3520 (e.g., to charge an
internal battery of accessory 3520) and from accessory 3520
to portable electronic device 3504. Both power transfers can
be performed simultaneously; i.e., wireless charger device
3502 can provide power to accessory 3520 at the same time
that accessory 3520 provides power to portable electronic
device 3504. In some embodiments, to enable simultaneous
power transfers, accessory 3520 can include two inductive
coils 3538, one for receiving power and one for transmitting
power. In other embodiments, the power transfers can be
performed sequentially; e.g., wireless charger device 3502
can provide power to accessory 3520, and at a time when
wireless charger device 3502 is not providing power, acces-
sory 3520 can provide power to portable electronic device
3504.

[0239] FIG. 35 is illustrative and not limiting. For
example, while FIG. 35 shows three devices stacked
together, it should be understood that the same principles can
be applied to form systems of four or more devices. For
instance, a wireless charging system can include a portable
electronic device coupled to a protective case that is attached
to and magnetically aligned with an external battery, which
is attached to and magnetically aligned to a wireless charger
device. All the inductive coils within the respective devices
can be aligned together, and wireless power can be trans-
mitted between the wireless charger device and the external
battery, between the battery and the portable electronic
device, and/or between the wireless charger device and the
portable electronic device. It is to be appreciated that any
number of devices can be stacked together without departing
from the spirit and scope of the present disclosure.

[0240] According to embodiments described herein, an
alignment component (including a primary, secondary, or
auxiliary alignment component) of a magnetic alignment
system can be formed of arcuate magnets arranged in an
annular configuration. In some embodiments, each magnet
can have its magnetic polarity oriented in a desired direction
so that magnetic attraction between the primary, secondary,
and auxiliary alignment components provides a desired
alignment. In some embodiments, an arcuate magnet can
include a first magnetic region with magnetic polarity ori-
ented in a first direction and a second magnetic region with
magnetic polarity oriented in a second direction different
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from the first direction. As will be described, different
configurations can provide different degrees of magnetic
field leakage.

[0241] FIG. 36A shows a perspective view of a magnetic
alignment system 3600 according to some embodiments,
and FIG. 36B shows a cross-section through magnetic
alignment system 3600 across the cut plane indicated in FIG.
36A. Magnetic alignment system 3600 can be an implemen-
tation of magnetic alignment system 3506 of FIG. 35. In
magnetic alignment system 3600, the alignment components
all have magnetic polarity oriented in the same direction
(along the axis of the annular configuration).

[0242] As shown in FIG. 36 A, magnetic alignment system
3600 can include a primary alignment component 3616
(which can be an implementation of primary alignment
component 3516 of FIG. 35), a secondary alignment com-
ponent 3618 (which can be an implementation of secondary
alignment component 3518 of FIG. 35), and an auxiliary
alignment component 3670 (which can be an implementa-
tion of auxiliary alignment component 3570 described
above). Primary alignment component 3616 and secondary
alignment component 3618 have annular shapes and may
also be referred to as “annular” alignment components. The
particular dimensions can be chosen as desired. In some
embodiments, primary alignment component 3616 and sec-
ondary alignment component 3618 can each have an outer
diameter of about 47 mm and a radial width of about 6 mm.
The outer diameters and radial widths of primary alignment
component 3616 and secondary alignment component 3618
need not be exactly equal. For instance, the radial width of
secondary alignment component 3618 can be slightly less
than the radial width of primary alignment component 3616
and/or the outer diameter of secondary alignment compo-
nent 3618 can also be slightly less than the radial width of
primary alignment component 3616 so that, when in align-
ment, the inner and outer sides of primary alignment com-
ponent 3616 extend beyond the corresponding inner and
outer sides of secondary alignment component 3618. Thick-
nesses (or axial dimensions) of primary alignment compo-
nent 3616 and secondary alignment component 3618 can
also be chosen as desired. In some embodiments, primary
alignment component 3616 has a thickness of about 1.5 mm
while secondary alignment component 3618 has a thickness
of about 0.37 mm.

[0243] Primary alignment component 3616 can include a
number of sectors, each of which can be formed of one or
more primary arcuate magnets 3626. Secondary alignment
component 3618 can include a number of sectors, each of
which can be formed of one or more secondary arcuate
magnets 3628. Auxiliary alignment component 3570 can
include a number of sectors, each of which can be formed of
one or more auxiliary arcuate magnets 3672. In the example
shown, the number of primary magnets 3626 is equal to the
number of secondary magnets 3628 and to the number of
auxiliary magnets 3670, and each sector includes exactly
one magnet, but this is not required. Primary magnets 3626,
secondary magnets 3628, and auxiliary magnets 3672 can
have arcuate (or curved) shapes in the transverse plane such
that when primary magnets 3626 (or secondary magnets
3628 or auxiliary magnets 3672) are positioned adjacent to
one another end-to-end, primary magnets 3626 (or second-
ary magnets 3628 or auxiliary magnets 3672) form an
annular structure as shown. In some embodiments, primary
magnets 3626 can be in contact with each other at interfaces
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3630, secondary magnets 3628 can be in contact with each
other at interfaces 3632, and auxiliary magnets 3672 can be
in contact with each other at interfaces 3674. Alternatively,
small gaps or spaces may separate adjacent primary magnets
3626 or adjacent secondary magnets 3628 or adjacent aux-
iliary magnets 3672, providing a greater degree of tolerance
during manufacturing.

[0244] In some embodiments, primary alignment compo-
nent 3616 can also include an annular shield 3614 disposed
on a distal surface of primary magnets 3626. In some
embodiments, shield 3614 can be formed as a single annular
piece of material and adhered to primary magnets 3626 to
secure primary magnets 3626 into position. Shield 3614 can
be formed of a material that has high magnetic permeability,
such as stainless steel, and can redirect magnetic fields to
prevent them from propagating beyond the distal side of
primary alignment component 3616, thereby protecting sen-
sitive electronic components located beyond the distal side
of primary alignment component 3616 from magnetic inter-
ference.

[0245] Primary magnets 3626, secondary magnets 3628,
and auxiliary magnets 3672 can be made of a magnetic
material such as an NdFeB material, other rare earth mag-
netic materials, or other materials that can be magnetized to
create a persistent magnetic field. Each primary magnet
3626, each secondary magnet 3628, and each auxiliary
magnet 3672 can have a monolithic structure having a single
magnetic region with a magnetic polarity aligned in the axial
direction as shown by magnetic polarity indicators 3615,
3617, 3619 in FIG. 36B. For example, each primary magnet
3626, each secondary magnet 3628, and each auxiliary
magnet 3672 can be a bar magnet that has been ground and
shaped into an arcuate structure having an axial magnetic
orientation. In the example shown, primary magnet 3626 has
its north pole oriented toward the proximal surface and south
pole oriented toward the distal surface, secondary magnet
3628 has its south pole oriented toward the proximal surface
and north pole oriented toward the distal surface, and
auxiliary magnet 3672 has a corresponding magnetic orien-
tation such that the north pole of auxiliary magnet 3672 is
oriented toward the proximal surface of secondary magnet
3628 and the south pole of auxiliary magnet 3672 is oriented
toward the proximal surface of primary magnet 3626. In
other embodiments, the magnetic orientations can be
reversed such that primary magnet 3626 has its south pole
oriented toward the proximal surface and north pole oriented
toward the distal surface while secondary magnet 3628 has
its north pole oriented toward the proximal surface and south
pole oriented toward the distal surface and auxiliary magnet
3672 has a corresponding magnetic orientation such that the
south pole of auxiliary magnet 3672 is oriented toward the
proximal surface of secondary magnet 3628 and the north
pole of auxiliary magnet 3672 is oriented toward the proxi-
mal surface of primary magnet 3626.

[0246] As shown in FIG. 36B, the axial magnetic orien-
tations of primary magnet 3626, auxiliary magnet 3672, and
secondary magnet 3628 can generate magnetic fields 3640
that exert attractive forces between primary magnet 3626
and auxiliary magnet 3672 and between auxiliary magnet
3672 and secondary magnet 3628, thereby facilitating align-
ment between respective devices in which primary align-
ment component 3616, auxiliary alignment component
3670, and secondary alignment component 3618 are dis-
posed (e.g., as shown in FIG. 35). While shield 3614 can
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redirect some of magnetic fields 3640 away from regions
below primary magnet 3626, magnetic fields 3640 may still
propagate to regions laterally adjacent to primary magnet
3626 and secondary magnet 3628. In some embodiments,
the lateral propagation of magnetic fields 3640 may result in
magnetic field leakage to other magnetically sensitive com-
ponents. For instance, if an inductive coil having a ferro-
magnetic shield is placed in the interior (or inboard) region
of annular primary alignment component 3616 (or second-
ary alignment component 3618), leakage of magnetic fields
3640 may saturate the ferrimagnetic shield, which can
degrade wireless charging performance.

[0247] It will be appreciated that magnetic alignment
system 3600 is illustrative and that variations and modifi-
cations are possible. For instance, while primary alignment
component 3616, auxiliary alignment component 3670, and
secondary alignment component 3618 are each shown as
being constructed of eight arcuate magnets, other embodi-
ments may use a different number of magnets, such as
sixteen magnets, thirty-six magnets, or any other number of
magnets, and the number of primary magnets need not be
equal to the number of secondary magnets. Similarly, the
number of auxiliary magnets need not be equal to either the
number of primary magnets or the number of secondary
magnets. In other embodiments, primary alignment compo-
nent 3616 and/or secondary alignment component 3618
and/or auxiliary alignment component 3670 can each be
formed of a single, monolithic annular magnet; however,
segmenting alignment components 3616, 3618, and 3670
into arcuate magnets may improve manufacturing, as
described above with reference to FIGS. 3A and 3B.

[0248] As noted above with reference to FIG. 36B, a
magnetic alignment system with a single axial magnetic
orientation may allow lateral leakage of magnetic fields,
which may adversely affect performance of other compo-
nents of an electronic device. Accordingly, some embodi-
ments provide magnetic alignment systems with a closed-
loop magnetic configuration that reduces magnetic field
leakage. Examples will now be described.

[0249] FIG. 37A shows a perspective view of a magnetic
alignment system 3700 according to some embodiments,
and FIG. 37B shows a cross-section through magnetic
alignment system 3700 across the cut plane indicated in FIG.
37A. Magnetic alignment system 3700 can be an implemen-
tation of magnetic alignment system 3506 of FIG. 35. In
magnetic alignment system 3700, the alignment components
have magnetic components configured in a “closed loop”
configuration as described below.

[0250] As shown in FIG. 37A, magnetic alignment system
3700 can include a primary alignment component 3716
(which can be an implementation of primary alignment
component 3516 of FIG. 35), a secondary alignment com-
ponent 3718 (which can be an implementation of secondary
alignment component 3518 of FIG. 35), and an auxiliary
alignment component 3770 (which can be an implementa-
tion of auxiliary alignment component 3570 of FIG. 35).
Primary alignment component 3716 and secondary align-
ment component 3718 have annular shapes and may also be
referred to as “annular” alignment components. The particu-
lar dimensions can be chosen as desired. In some embodi-
ments, primary alignment component 3716 and secondary
alignment component 3718 can each have an outer diameter
of about 47 mm and a radial width of about 6 mm. The outer
diameters and radial widths of primary alignment compo-
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nent 3716 and secondary alignment component 3718 need
not be exactly equal. For instance, the radial width of
secondary alignment component 3718 can be slightly less
than the radial width of primary alignment component 3716
and/or the outer diameter of secondary alignment compo-
nent 3718 can also be slightly less than the radial width of
primary alignment component 3716 so that, when in align-
ment, the inner and outer sides of primary alignment com-
ponent 3716 extend beyond the corresponding inner and
outer sides of secondary alignment component 3718. Thick-
nesses (or axial dimensions) of primary alignment compo-
nent 3716 and secondary alignment component 3718 can
also be chosen as desired. In some embodiments, primary
alignment component 3716 has a thickness of about 1.5 mm
while secondary alignment component 3718 has a thickness
of about 0.37 mm.

[0251] Primary alignment component 3716 can include a
number of sectors, each of which can be formed of a number
of primary magnets 3726; secondary alignment component
3718 can include a number of sectors, each of which can be
formed of a number of secondary magnets 3728; and aux-
iliary alignment component 3770 can include a number of
sectors, each of which can be formed of a number of
auxiliary magnets 3772. In the example shown, the number
of primary magnets 3726 is equal to the number of second-
ary magnets 3728 and to the number of auxiliary magnets
3772, and each sector includes one magnet, but this is not
required. Primary magnets 3726, secondary magnets 3728,
and auxiliary magnets 3772 can have arcuate (or curved)
shapes in the transverse plane such that when primary
magnets 3726 (or secondary magnets 3728 or auxiliary
magnets 3772) are positioned adjacent to one another end-
to-end, primary magnets 3726 (or secondary magnets 3728
or auxiliary magnets 3772) form an annular structure as
shown. In some embodiments, adjacent primary magnets
3726 can be in contact with each other at interfaces 3730,
adjacent secondary magnets 3728 can be in contact with
each other at interfaces 3732, and adjacent auxiliary magnets
3772 can be in contact with each other at interfaces 3780.
Alternatively, small gaps or spaces may separate adjacent
primary magnets 3726, adjacent secondary magnets 3728, or
adjacent auxiliary magnets 3772, providing a greater degree
of tolerance during manufacturing.

[0252] In some embodiments, primary alignment compo-
nent 3716 can also include an annular shield 3714 disposed
on a distal surface of primary magnets 3726. In some
embodiments, shield 3714 can be formed as a single annular
piece of material and adhered to primary magnets 3726 to
secure primary magnets 3726 into position. Shield 3714 can
be formed of a material that has high magnetic permeability,
such as stainless steel, and can redirect magnetic fields to
prevent them from propagating beyond the distal side of
primary alignment component 3716, thereby protecting sen-
sitive electronic components located beyond the distal side
of primary alignment component 3716 from magnetic inter-
ference. In some embodiments, auxiliary alignment compo-
nent 3770 does not include a similar shield, so that a stronger
magnetic attraction with primary alignment component
3716 can be provided.

[0253] Primary magnets 3726, secondary magnets 3728,
and auxiliary magnets 3772 can be made of a magnetic
material such as an NdFeB material, other rare earth mag-
netic materials, or other materials that can be magnetized to
create a persistent magnetic field. Each secondary magnet
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3728 can have a single magnetic region with a magnetic
polarity having a component in the radial direction in the
transverse plane (as shown by magnetic polarity indicator
3717 in FIG. 37B). As described below, the magnetic
orientation can be in a radial direction with respect to axis
3701 or another direction having a radial component in the
transverse plane. Each primary magnet 3726 can include
two magnetic regions having opposite magnetic orienta-
tions. For example, each primary magnet 3726 can include
an inner arcuate magnetic region 3752 having a magnetic
orientation in a first axial direction (as shown by polarity
indicator 3753 in FIG. 37B), an outer arcuate magnetic
region 3754 having a magnetic orientation in a second axial
direction opposite the first direction (as shown by polarity
indicator 3755 in FIG. 37B), and a central non-magnetized
region 3756 that does not have a magnetic orientation.
Central non-magnetized region 3756 can magnetically sepa-
rate inner arcuate region 3752 from outer arcuate region
3754 by inhibiting magnetic fields from directly crossing
through center region 3756. Similarly, each auxiliary magnet
3772 can include two magnetic regions having opposite
magnetic orientations. For example, each auxiliary magnet
3772 can include an inner arcuate magnetic region 3774
having a magnetic orientation in a first axial direction (as
shown by polarity indicator 3773 in FIG. 37B), an outer
arcuate magnetic region 3776 having a magnetic orientation
in a second axial direction opposite the first direction (as
shown by polarity indicator 3775 in FIG. 37B), and a central
non-magnetized region 3778 that does not have a magnetic
orientation. Central non-magnetized region 3778 can mag-
netically separate inner arcuate region 3774 from outer
arcuate region 3776 by inhibiting magnetic fields from
directly crossing through center region 3778.

[0254] In some embodiments, each secondary magnet
3726 can be made of a magnetic material that has been
ground and shaped into an arcuate structure, and a magnetic
orientation having a radial component in the transverse
plane can be created, e.g., using a magnetizer.

[0255] Similarly, each primary magnet 3726 can be made
of a single piece of magnetic material that has been ground
and shaped into an arcuate structure, and a magnetizer can
be applied to the arcuate structure to induce an axial mag-
netic orientation in one direction within an inner arcuate
region of the structure and an axial magnetic orientation in
the opposite direction within an outer arcuate region of the
structure, while demagnetizing or avoiding creation of a
magnetic orientation in the central region. In some alterna-
tive embodiments, each primary magnet 3726 can be a
compound structure with two arcuate pieces of magnetic
material providing inner arcuate magnetic region 3752 and
outer arcuate magnetic region 3754; in such embodiments,
central non-magnetized region 3756 can be can be formed of
an arcuate piece of nonmagnetic material or formed as an air
gap defined by sidewalls of inner arcuate magnetic region
3752 and outer arcuate magnetic region 3754. Any manu-
facturing technique that can be used to form primary mag-
nets 3726 can also be used to form auxiliary magnets 3772.
Thus, each auxiliary magnet 3772 can be made of a single
piece of magnetic material that has been ground and shaped
into an arcuate structure, and a magnetizer can be applied to
the arcuate structure to induce an axial magnetic orientation
in one direction within an inner arcuate region of the
structure and an axial magnetic orientation in the opposite
direction within an outer arcuate region of the structure,
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while demagnetizing or avoiding creation of a magnetic
orientation in the central region. In some alternative embodi-
ments, each auxiliary magnet 3772 can be a compound
structure with two arcuate pieces of magnetic material
providing inner arcuate magnetic region 3774 and outer
arcuate magnetic region 3776; in such embodiments, central
non-magnetized region 3778 can be can be formed of an
arcuate piece of nonmagnetic (or demagnetized) material or
formed as an air gap defined by sidewalls of inner arcuate
magnetic region 3774 and outer arcuate magnetic region
3776. It should be understood that in some embodiments one
manufacturing technique can be used for primary magnets
3726 while a different manufacturing technique can be used
for auxiliary magnets 3772; for example, each auxiliary
magnet 3772 can be monolithic while each primary magnet
3726 is a compound structure. As long as the magnetic fields
of the various magnets align as described, alignment
between devices can be provided. Further, as described
above with reference to FIGS. 3A and 3B, the inner and
outer arcuate magnetic regions of a quad-pole primary or
auxiliary arcuate magnet can but need not have equal
magnetic field strength; asymmetric polarization as
described above can be applied.

[0256] As shown in FIG. 37B, inner arcuate magnetic
region 3752 of primary magnet 3726 and inner arcuate
magnetic region 3774 of auxiliary magnet 3772 can have the
same magnetic orientation, as shown by polarity indictors
3753 and 3773. Similarly, outer arcuate magnetic region
3754 of primary magnet 3726 and outer arcuate magnetic
region 3776 of auxiliary magnet 3772 can have the same
magnetic orientation, as shown by polarity indictors 3755
and 3775. This configuration creates a magnetic attraction
between primary magnet 3726 and auxiliary magnet 3772,
which can facilitate alignment between them. The magnetic
polarity of secondary magnet 3728 (shown by indicator
3717) can be oriented such that when secondary magnetic
alignment component 3718 is aligned with auxiliary mag-
netic alignment component 3770, the south pole of second-
ary magnet 3728 is oriented toward the north pole of inner
arcuate magnetic region 3774 of auxiliary magnet 3772 (and
also toward the north pole of inner arcuate magnetic region
3752 of primary magnet 3726) while the north pole of
secondary magnet 3728 is oriented toward the south pole of
outer arcuate magnetic region 3776 of auxiliary magnet
3772 (and also toward the south pole of outer arcuate
magnetic region 3754 of primary magnet 3726).

[0257] Accordingly, the respective magnetic orientations
of inner arcuate magnetic regions 3752, 3774, secondary
magnet 3728 and outer arcuate magnetic region 3776, 3778
can generate magnetic fields 3740 that exert an attractive
force between primary magnet 3726 and auxiliary magnet
3772 and between auxiliary magnet 3772 and secondary
magnet 3728, thereby facilitating alignment between respec-
tive electronic devices in which primary alignment compo-
nent 3716, auxiliary alignment component 3770, and sec-
ondary alignment component 3718 are disposed (e.g., as
shown in FIG. 35). Shield 3714 at the distal surface of
primary magnet 3726 can redirect some of magnetic fields
3740 away from regions below primary magnet 3726. Fur-
ther, the “closed-loop” magnetic field 3740 formed around
central non-magnetized regions 3756 and 3778 can have
tight and compact field lines that do not stray outside of
primary, auxiliary, and secondary magnets 3726, 3772, 3728
as far as magnetic field 3640 strays outside of primary,
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auxiliary, and secondary magnets 3626, 3672, 3628 in FIG.
36B. Thus, magnetically sensitive components can be placed
relatively close to primary alignment component 3716 with
reduced concern for stray magnetic fields. Accordingly, as
compared to magnetic alignment system 3600, magnetic
alignment system 3700 can help to reduce the overall size of
a device in which primary alignment component 3716 is
positioned and can also help reduce noise created by mag-
netic field 3740 in adjacent components, such as an induc-
tive receiving coil positioned inboard of secondary align-
ment component 3718.

[0258] It will be appreciated that magnetic alignment
system 3700 is illustrative and that variations and modifi-
cations are possible. For instance, while primary alignment
component 3716, auxiliary alignment component 3772, and
secondary alignment component 3718 are each shown as
being constructed of eight arcuate magnets, other embodi-
ments may use a different number of magnets, such as
sixteen magnets, thirty-six magnets, or any other number of
magnets, and the number of primary magnets need not be
equal to the number of secondary magnets. Similarly, the
number of auxiliary magnets need not be equal to either the
number of primary magnets or the number of secondary
magnets. In other embodiments, secondary alignment com-
ponent 3718 can be formed of a single, monolithic annular
magnet. Similarly, primary alignment component 3716 and/
or auxiliary alignment component 3772 can each be formed
of a single, monolithic annular piece of magnetic material
with an appropriate magnetization pattern as described
above, or primary alignment component 3716 and/or aux-
iliary alignment component 3772 can each be formed of a
monolithic inner annular magnet and a monolithic outer
annular magnet, with an annular air gap or region of
nonmagnetic material disposed between the inner annular
magnet and outer annular magnet. However, a construction
using multiple arcuate magnets may improve manufacturing
because smaller arcuate magnets are less brittle than a
single, monolithic annular magnet and are less prone to yield
loss due to physical stresses imposed on the magnetic
material during manufacturing. It should also be understood
that the magnetic orientations of the various components or
individual magnets do not need to align exactly with the
lateral and axial directions. The magnetic orientation can
have any angle that provides a closed-loop path for a
magnetic field through the primary and secondary alignment
components.

[0259] In embodiments described above, it is assumed
(though not required) that the magnetic alignment compo-
nents are fixed in position relative to the device enclosure
and do not move in the axial or lateral direction. This
provides a fixed magnetic flux. In some embodiments, it
may be desirable for one or more of the magnetic alignment
components to move in the axial direction. For example, in
various embodiments of the present invention, it can be
desirable to limit the magnetic flux provided by these
magnetic structures. Limiting the magnetic flux can help to
prevent the demagnetization of various charge and payment
cards that a user might be carrying with an electronic device
that incorporates one of these magnetic structures. But in
some circumstances, it can be desirable to increase this
magnetic flux in order to increase a magnetic attraction
between an electronic device and an accessory or a second
electronic device. Also, it can be desirable for one or more
of the magnetic alignment components to move laterally. For
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example, an electronic device and an attachment structure or
wireless device can be offset from each other in a lateral
direction. The ability of a magnetic alignment component to
move laterally can compensate for this offset and improve
coupling between devices, particularly where a coil moves
with the magnetic alignment component. Accordingly,
embodiments of the present invention can provide structures
where some or all of the magnets in these magnetic struc-
tures are able to change positions or otherwise move.
Examples of magnetic structures having moving magnets
are shown in the following figures.

[0260] FIGS. 38A through 38C illustrate examples of
moving magnets according to an embodiment of the present
invention. In this example, first electronic device 3800 can
be gaming accessory 100 or any of the other gaming
accessories shown above, a wireless charging device, or
other device having a magnet 3810 (which can be, e.g., any
of the annular or other magnetic alignment components
described herein.) In FIG. 38A, moving magnet 3810 can be
housed in a first electronic device 3800. First electronic
device 3800 can include device enclosure 3830, magnet
3810, and shield 3820. Magnet 3810 can be in a first position
(not shown) adjacent to nonmoving shield 3820. In this
position, magnet 3810 can be separated from device enclo-
sure 3830. As a result, the magnetic flux 3812 at a surface
of device enclosure 3830 can be relatively low, thereby
protecting magnetic devices and magnetically stored infor-
mation, such as information stored on payment cards. As
magnet 3810 in first electronic device 3800 is attracted to a
second magnet (not shown) in a second electronic device
(not shown), magnet 3810 can move, for example it can
move away from shield 3820 to be adjacent to device
enclosure 3830, as shown. With magnet 3810 at this loca-
tion, magnetic flux 3812 at surface of device enclosure 3830
can be relatively high. This increase in magnetic flux 3812
can help to attract the second electronic device to first
electronic device 3800.

[0261] With this configuration, it can take a large amount
of magnetic attraction for magnet 3810 to separate from
shield 3820. Accordingly, these and other embodiments of
the present invention can include a shield that is split into a
shield portion and a return plate portion. For example, in
FIG. 38B, line 3860 can be used to indicate a split of shield
3820 into a shield 3840 and return plate 3850.

[0262] In FIG. 38C, moving magnet 3810 can be housed
in first electronic device 3800. First electronic device 3800
can include device enclosure 3830, magnet 3810, shield
3840, and return plate 3850. In the absence of a magnetic
attraction, magnet 3810 can be in a first position (not shown)
such that shield 3840 can be adjacent to return plate 3850.
Again, in this configuration, magnetic flux 3812 at a surface
of device enclosure 3830 can be relatively low. As magnet
3810 and first electronic device is attracted to a second
magnet (not shown) in a second electronic device (not
shown), magnet 3810 can move, for example it can move
away from return plate 3850 to be adjacent to device
enclosure 3830, as shown. In this configuration, shield 3840
can separate from return plate 3850 and the magnetic flux
3812 at a surface of device enclosure 3830 can be increased.
As before, this increase in magnetic flux 3812 can help to
attract the second electronic device to the first electronic
device 3800.

[0263] In these and other embodiments of the present
invention, various housings and structures can be used to
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guide a moving magnet. Also, various surfaces can be used
in conjunction with these moving magnets. These surfaces
can be rigid. Alternatively, these surfaces can be compliant
and at least somewhat flexible. Examples are shown in the
following figures.

[0264] FIGS. 39A and 39B illustrate a moving magnetic
structure according to an embodiment of the present inven-
tion In this example, first electronic device 3900 can be
gaming accessory 100 or any of the other gaming accesso-
ries shown above, a wireless charging device, or other
device having a magnet 3910 (which can be, e.g., any of the
annular or other magnetic alignment components described
herein.) FIG. 39A illustrates a moving first magnet 3910 in
a first electronic device 3900. First electronic device 3900
can include first magnet 3910, protective surface 3912,
housings 3920 and 3922, compliant structure 3924, shield
3940, and return plate 3950. In this figure, first magnet 3910
is not attracted to a second magnet (not shown), and there-
fore shield 3940 is magnetically attracted to or attached to
return plate 3950. In this position, compliant structure 3924
can be expanded or relaxed. Compliant structure 3924 can
be formed of an elastomer, silicon rubber open cell foam,
silicon rubber, polyurethane foam, or other foam or other
compressible material.

[0265] In FIG. 39B, second electronic device 3960 has
been brought into proximity of first electronic device 3900.
Second magnet 3970 can attract first magnet 3910, thereby
causing shield 3940 and return plate 3950 to separate from
each other. Housings 3920 and 3922 can compress compli-
ant structure 3924, thereby allowing protective surface 3912
of first electronic device 3900 to move towards or adjacent
to housing 3980 of second electronic device 3960. Second
magnet 3970 can be held in place in second electronic device
3960 by housing 3990 or other structure. As second elec-
tronic device 3960 is removed from first electronic device
3900, first magnet 3910 and shield 3940 can be magnetically
attracted to return plate 3950, as shown in FIG. 39A.
[0266] FIGS. 40A and 40B illustrate moving magnetic
structures according to an embodiment of the present inven-
tion. In this example, first electronic device 4000 can be
gaming accessory 100 or any of the other gaming accesso-
ries shown above, a wireless charging device, or other
device having a magnet 4010 (which can be, e.g., any of the
annular or other magnetic alignment components described
herein.) FIG. 40A illustrates a moving first magnet 4010 in
a first electronic device 4000. First electronic device 4000
can include first magnet 4010, pliable surface 4012, housing
portions 4020 and 4022, shield 4040, and return plate 4050.
In this figure, first magnet 4010 is not attracted to a second
magnet, and therefore shield 4040 is magnetically attached
or attracted to return plate 4050. In this position, pliable
surface 4012 can be relaxed. Pliable surface 4012 can be
formed of an elastomer, silicon rubber open cell foam,
silicon rubber, polyurethane foam, or other foam or other
compressible material.

[0267] In FIG. 40B, second electronic device 4060 has
been brought into the proximity of first electronic device
4000. Second magnet 4070 can attract first magnet 4010,
thereby causing shield 4040 and return plate 4050 to sepa-
rate from each other. First magnet 4010 can stretch pliable
surface 4012 towards second electronic device 4060,
thereby allowing first magnet 4010 of first electronic device
4000 to move towards housing 4080 of second electronic
device 4060. Second magnet 4070 can be held in place in
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second electronic device 4060 by housing 4090 or other
structure. As second electronic device 4060 is removed from
first electronic device 4000, first magnet 4010 and shield
4040 can be magnetically attracted to return plate 4050 as
shown in FIG. 40A.

[0268] FIG. 41 to FIG. 43 illustrate a moving magnetic
structure according to an embodiment of the present inven-
tion. In this example, first electronic device 4100 can be
gaming accessory 100 or any of the other gaming accesso-
ries shown above, a wireless charging device, or other
device having a magnet 4110 (which can be, e.g., any of the
annular or other magnetic alignment components described
herein.) In FIG. 41, first magnet 4110 and shield 4140 can
be magnetically attracted or attached to return plate 4150 in
first electronic device 4100. First electronic device 4100 can
be at least partially housed in device enclosure 4120. In FIG.
42, housing 4180 of second electronic device 4160 can move
laterally across a surface of device enclosure 4120 of first
electronic device 4100 in a direction 4185. Second magnet
4170 in second electronic device 4160 can begin to attract
first magnet 4110 in first electronic device 4100. This
magnetic attraction 4115 can cause first magnet 4110 and
shield 4140 to pull away from return plate 4150 by over-
coming the magnetic attraction 4145 between shield 4140
and return plate 4150. In FIG. 43, second magnet 4170 in
second electronic device 4160 has become aligned with first
magnet 4110 in first electronic device 4100. First magnet
4110 and shield 4140 have pulled away from return plate
4150 thereby reducing the magnetic attraction 4145. First
magnet 4110 has moved nearby or adjacent to device
enclosure 4120, thereby increasing the magnetic attraction
4115 to second magnet 4170 in second electronic device
4160.

[0269] As shown in FIGS. 41 through FIG. 43, the mag-
netic attraction between first magnet 4110 in first electronic
device 4100 and the second magnet 4170 in the second
electronic device 4160 can increase when first magnet 4110
and shield 4140 pull away from return plate 4150. This is
shown graphically in the following figures.

[0270] FIG. 44 illustrates a normal force between a first
magnet in first electronic device and a second magnet in a
second electronic device as a function of a lateral offset
between them. As shown in FIGS. 41-36, with a large offset
between first magnet 4110 and second magnet 4370, first
magnet 4110 and shield 4140 can remain attached to return
plate 4150 in first electronic device 4100 and the magnetic
attraction 4115 can be minimal. The shear force necessary to
overcome this magnetic attraction is illustrated here as curve
4410. As shown in FIG. 42, as the offset or lateral distance
between first magnet 4110 and second magnet 4170
decreases, first magnet 4110 and shield 4140 can pull away
or separate from return plate 4150, thereby increasing the
magnetic attraction 4115 between first magnet 4110 and
second magnet 4170.

[0271] This is illustrated here as discontinuity 4420. As
shown in FIG. 43, as first magnet 4110 and second magnet
4170 come into alignment, the magnetic attraction 4115
increases along curve 4430 to a maximum 4440. The dif-
ference between curve 4410 and curve 4430 can show the
increase in magnetic attraction between a phone or other
electronic device, such as second electronic device 4160 and
an attachable wallet or wireless charging device, such as first
electronic device 4100, that results from first magnet 4110
being able to move axially. It should also be noted that in this
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example first magnet 4110 does not move in a lateral
direction, though in other examples it is capable of such
movement. Where first magnet 4110 is capable of moving in
a lateral direction, curve 4430 can have a flattened peak from
an offset of zero to an offset that can be overcome by a range
of possible lateral movement of first magnet 4110.

[0272] FIG. 45 illustrates a shear force between a first
magnet in a first electronic device and a second magnet in a
second electronic device as a function of a lateral offset
between them.

[0273] With no offset between first magnet 4110 and
second magnet 4160, there it is no shear force to move
second magnet 4170 relative to first magnet 4110, as shown
in FIG. 41. As the offset is increased, the shear force, that is
the force attempting to realign the magnets, can increase
along curve 4540. At discontinuity 4510, first magnet 4110
and shield 4140 can return to return plate 4150 (as shown in
FIGS. 41-36), thereby decreasing the magnetic shear force
to point 4520.

[0274] The magnetic shear force can continue to drop off
along curve 4530 as the offset increases. The difference
between curve 4530 and curve 4540 can show the increase
in magnetic attraction between a phone or other electronic
device, such as second electronic device 4160 and an
attachable wallet or wireless charging device, such as first
electronic device 4100, that results from first magnet 4110
being able to move axially. It should also be noted that in this
example first magnet 4110 does not move in a lateral
direction, though in other examples it is capable of such
movement. Where first magnet 4110 is capable of moving in
a lateral direction, curve 4530 can remain at zero until the
lateral movement of the second magnet 4170 overcomes the
range of possible lateral movement of first magnet 4110.
[0275] In these and other embodiments of the present
invention, it can be desirable to further increase this shear
force. Accordingly, embodiments of the present invention
can provide various high friction or high stiction surfaces,
suction cups, pins, or other structures to increase this shear
force.

[0276] For various applications, it may be desirable to
enable a device having a magnetic alignment component to
identify other devices that are brought into alignment. In
some embodiments where the devices support a wireless
charging standard that defines a communication protocol
between devices, the devices can use that protocol to com-
municate. For example, the Qi standard for wireless power
transfer defines a communication protocol that enables a
power-receiving device (i.e., a device that has an inductive
coil to receive power transferred wirelessly) to communicate
information to a power-transmitting device (i.e., a device
that has an inductive coil to generate time-varying magnetic
fields to transfer power wirelessly to another device) via a
modulation scheme in the inductive coils. The Qi commu-
nication protocol or similar protocols can be used to com-
municate information such as device identification or charg-
ing status or requests to increase or decrease power transfer
from the power-receiving device to the power-transmitting
device.

[0277] In some embodiments, a separate communication
subsystem, such as a Near-Field Communication (NFC)
subsystem can be provided to enable additional communi-
cation, including device identification, from a tag circuit
located in one device to a reader circuit located in another
device. (As used herein, “NFC” encompasses various pro-
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tocols, including known standard protocols, that use near-
field electromagnetic radiation to communicate data
between antenna structures, e.g., coils of wire, that are in
proximity to each other.) For example, each device that has
an annular magnetic alignment component can also have an
NFC coil that can be disposed inboard of and concentric
with the annular magnetic alignment component. Where the
device also has an inductive charging coil (which can be a
transmitter coil or a receiver coil), the NFC coil can be
disposed in an annular gap between the inductive charging
coil and the annular magnetic alignment component. In
some embodiments, an NFC protocol can be used to allow
a portable electronic device to identify an accessory device
when the respective magnetic alignment components of the
portable electronic device and the accessory device are
brought into alignment. For example, the NFC coil of a
portable electronic device can be coupled to an NFC reader
circuit while the NFC coil of an accessory device is coupled
to an NFC tag circuit. When devices are brought into
proximity, the NFC reader circuit of the portable electronic
device can be activated to read the NFC tag of the accessory
device. In this manner, the portable electronic device can
obtain information (e.g., device identification) from the
accessory device.

[0278] Insome embodiments, an NFC reader in a portable
electronic device can be triggered by detecting a change in
a DC (or static) magnetic field within the portable electronic
device that corresponds to a change expected when an
accessory device having a complementary magnetic align-
ment component is brought into alignment. When the
expected change is detected, the NFC reader can be acti-
vated to read an NFC tag in the other device, assuming the
other device is present.

[0279] Examples of devices incorporating NFC circuitry
and magnetic alignment components will now be described.
[0280] In some embodiments, an NFC tag may be located
in a device that includes a wireless charger and an annular
alignment structure. The NFC tag can be positioned and
configured such that when the wireless charger device is
aligned with a portable device having a complementary
annular alignment structure and an NFC reader, the NFC tag
is readable by the NFC reader of the portable electronic
device.

[0281] FIG. 46 shows an exploded view of a wireless
charger device 4602 incorporating an NFC tag according to
some embodiments, and FIG. 47 shows a partial cross-
section view of wireless charger device 4602 according to
some embodiments. As shown in FIG. 46, wireless charger
device 4602 can include an enclosure 4604, which can be
made of plastic or metal (e.g., aluminum), and a charging
surface 4606, which can be made of silicone, plastic, glass,
or other material that is permeable to AC and DC magnetic
fields. Charging surface 4606 can be shaped to fit within a
circular opening 4603 at the top of enclosure 4604.

[0282] A wireless transmitter coil assembly 4611 can be
disposed within enclosure 4604. Wireless transmitter coil
assembly 4611 can include a wireless transmitter coil 4612
for inductive power transfer to another device as well as AC
magnetic and/or electric shield(s) 4613 disposed around
some or all surfaces of wireless transmitter coil 4612.
Control circuitry 4614 (which can include, e.g., a logic
board and/or power circuitry) to control wireless transmitter
coil 4612 can be disposed in the center of coil 4612 and/or
underneath coil 4612. In some embodiments, control cir-
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cuitry 4614 can operate wireless transmitter coil 4612 in
accordance with a wireless charging protocol such as the Qi
protocol or other protocols.

[0283] A primary annular magnetic alignment component
4616 can surround wireless transmitter coil assembly 4611.
Primary annular magnetic alignment component 4616 can
include a number of arcuate magnet sections arranged in an
annular configuration as shown. Each arcuate magnet sec-
tion can include an inner arcuate region having a magnetic
polarity oriented in a first axial direction, an outer arcuate
region having a magnetic polarity oriented in a second axial
direction opposite the first axial direction, and a central
arcuate region that is not magnetically polarized. (Examples
are described above.) In some embodiments, the diameter
and thickness of primary annular magnetic alignment com-
ponent 4616 is chosen such that arcuate magnet sections of
primary annular magnetic alignment component 4616 fit
under a lip 4609 at the top surface of enclosure 4604, as best
seen in FIG. 47. For instance, each arcuate magnet section
can be inserted into position under lip 4609, either before or
after magnetizing the inner and outer regions. In some
embodiments, primary annular magnetic alignment compo-
nent 4616 can have a gap 4636 between two adjacent arcuate
magnet sections. Gap 4636 can be aligned with an opening
4607 in a side surface of enclosure 4604 to allow external
wires to be connected to wireless transmitter coil 4612
and/or control circuitry 4614.

[0284] A support ring subassembly 4640 can include an
annular frame 4642 that extends in the axial direction and a
friction pad 4644 at the top edge of frame 4642. Friction pad
4644 can be made of a material such as silicone or thermo-
plastic elastomers (TPE) such as thermoplastic urethane
(TPU) and can provide support and protection for charging
surface 4606. Frame 4642 can be made of a material such as
polycarbonate (PC), glass-fiber reinforced polycarbonate
(GFPC), or glass-fiber reinforced polyamide (GFPA). Frame
4642 can have an NFC coil 4664 disposed therecon. For
example, NFC coil 4664 can be a four-turn or five-turn
solenoidal coil made of copper wire or other conductive wire
that is wound onto frame 4642. NFC coil 4664 can be
electrically connected to NFC tag circuitry (not shown) that
can be part of control circuitry 4614. The relevant design
principles of NFC circuits are well understood in the art and
a detailed description is omitted. Frame 4642 can be inserted
into a gap region 4617 between primary annular magnetic
alignment component 4616 and wireless transmitter coil
assembly 4611. In some embodiments, gap region 4617 is
shielded by AC shield 4613 from AC electromagnetic fields
generated in wireless transmitter coil 4612 and is also
shielded from DC magnetic fields of primary annular mag-
netic alignment component 4616 by the closed-loop con-
figuration of the arcuate magnet sections.

[0285] As described above, an accessory device such as a
case for a mobile phone may include an auxiliary magnetic
alignment component, with or without a wireless charging
coil. The auxiliary magnetic alignment component can act as
a “repeater” to support the use of a primary magnetic
alignment component and a secondary alignment compo-
nent to align the wireless charging transmitter coil of a
charger device with the wireless charging receiver coil of a
portable electronic device while the portable electronic
device is attached to (e.g., inserted into) the accessory
device.
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[0286] In some embodiments, an NFC tag circuit and coil
may be incorporated into an accessory device having an
auxiliary magnetic alignment component. The NFC tag can
be read by the NFC reader of the portable electronic device
(e.g., using NFC coil 5060 and associated NFC reader circuit
of portable electronic device 5004 as described above),
allowing the portable electronic device to identify the acces-
sory device when the accessory device is in proximity and
aligned with the portable electronic device.

[0287] FIG. 48 shows an example of an accessory device
4800 incorporating an auxiliary alignment component with
an NFC tag circuit and coil according to some embodiments.
Accessory device 4800 can be, for example, a case for
portable electronic device 5004 (which can be, e.g., a smart
phone). Accessory device 4800 can be shaped as a tray,
sleeve, or other form factor as desired that covers and
protects one or more surfaces of portable electronic device
5004. In particular, accessory device 4800 can have a rear
(or back) panel 4802 that covers the rear surface of portable
electronic device 5004. It should be understood that rear
panel 4802 need not cover the entire rear surface of portable
electronic device 5004; for example, a cutout area 4803 can
be provided to expose a rear camera lens of portable
electronic device 5004.

[0288] Rear panel 4802 can include an auxiliary annular
magnetic alignment component 4870. Auxiliary annular
magnetic alignment component 4870 can include a number
of arcuate magnets 4872 arranged in an annular configura-
tion as shown. Each arcuate magnet 4872 can include an
inner arcuate region having a magnetic polarity oriented in
a first axial direction, an outer arcuate region having a
magnetic polarity oriented in a second axial direction oppo-
site the first axial direction, and a central arcuate region that
is not magnetically polarized. (Examples are described
above.) Auxiliary annular magnetic alignment component
4870 can align with secondary annular magnetic alignment
component 5018 of electronic device 5002.

[0289] An NFC tag circuit assembly 4866 can be disposed
inboard of auxiliary annular magnetic alignment component
4616. In some embodiments, all or part of region 4805 of
rear panel 4802, inboard of NFC tag circuit assembly 4866,
can be a cutout area.

[0290] FIG. 49 shows a flow diagram of a process 4900
that can be implemented in portable electronic device 5004
according to some embodiments. In some embodiments,
process 4900 can be performed iteratively while portable
electronic device 5004 is powered on. At block 4902,
process 4900 can determine a baseline magnetic field, e.g.,
using magnetometer 5080. At block 4904, process 4900 can
continue to monitor signals from magnetometer 5080 until a
change in magnetic field is detected. At block 4906, process
4900 can determine whether the change in magnetic field
matches a magnitude and direction of change associated
with alignment of a complementary magnetic alignment
component. If not, then the baseline magnetic field can be
updated at block 4902. If, at block 4906, the change in
magnetic field matches a magnitude and direction of change
associated with alignment of a complementary alignment
component, then at block 4908, process 4900 can activate
the NFC reader circuitry associated with NFC coil 5060 to
read an NFC tag of an aligned device. In some embodiments,
NFC tags associated with different types of devices (e.g., a
passive accessory versus an active accessory such as a
wireless charger) are tuned to respond to different stimulat-
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ing signals from the NFC reader circuitry, and information
about the particular change in magnetic field can be used to
determine a particular stimulating signal to be generated by
the NFC reader circuitry. At block 4910, process 4900 can
receive identification information read from the NFC tag. At
block 4912, process 4900 can modity a behavior of portable
electronic device 5004 based on the identification informa-
tion, for example, generating a color wash effect as
described above. After block 4912, process 4900 can option-
ally return to block 4902 to provide continuous monitoring
of magnetometer 5080. It should be understood that process
4900 is illustrative and that other processes may be per-
formed in addition to or instead of process 4900.

[0291] It will be appreciated that the NFC tag and NFC
reader circuits described above are illustrative and that
variations and modifications are possible. For example, coil
designs can be modified by replacing wound wire coils with
etched coils (or vice versa) and solenoidal coils with flat
coils (or vice versa). “Wound wire” coils can be made using
a variety of techniques, including by winding a wire, by
stamping a coil from a copper sheet and molding plastic over
the stamped part, or by using a needle dispenser to deposit
wire on a plastic part; the wire can be heated so that it
embeds into the softened plastic. Etched coils can be made
by coating a surface with metal and etching away the
unwanted metal. The number of turns in various NFC coils
can be modified for a particular application. The choice of
wound wire coils or etched coils for a particular device may
depend on various design considerations. For instance, in
devices that have an internal logic board, a wound wire NFC
coil can terminate to the logic board; where a logic board is
absent, an etched coil may simplify termination of the coil.
Other design considerations may include the Q factor of the
coil (a wound coil can provide higher Q in a smaller space)
and/or ease of assembly.

[0292] Further, where a device that has an NFC tag circuit
also has active circuitry (such as wireless charger devices
that have active circuitry to control charging behavior), the
NFC tag circuit is not limited to being a passive tag; an
active NFC tag circuit can be provided to enable two-way
communication with a compatible portable electronic
device. For example, active NFC circuits in a portable
electronic device and a wireless charger device can be used
to support delivery of firmware updates to the wireless
charger device.

[0293] Proximity-detection techniques can also be varied.
For example, a different type of magnetometer (e.g., a
single-axis magnetometer) can be used, or multiple magne-
tometers in different locations relative to the magnetic
alignment components can be used. In some embodiments,
a Hall effect sensor can be used instead of a magnetometer,
although false positives may increase because a Hall effect
sensor can generally only indicate a change or no-change
rather than measuring a magnitude or direction of change.

[0294] It is well understood that the use of personally
identifiable information should follow privacy policies and
practices that are generally recognized as meeting or exceed-
ing industry or governmental requirements for maintaining
the privacy of users. In particular, personally identifiable
information data should be managed and handled so as to
minimize risks of unintentional or unauthorized access or
use, and the nature of authorized use should be clearly
indicated to users.
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[0295] The above description of embodiments of the
invention has been presented for the purposes of illustration
and description. It is not intended to be exhaustive or to limit
the invention to the precise form described, and many
modifications and variations are possible in light of the
teaching above. The embodiments were chosen and
described in order to best explain the principles of the
invention and its practical applications to thereby enable
others skilled in the art to best utilize the invention in various
embodiments and with various modifications as are suited to
the particular use contemplated. Thus, it will be appreciated
that the invention is intended to cover all modifications and
equivalents within the scope of the following claims.

What is claimed is:

1. A gaming accessory comprising:

a tray to support an electronic device;

a first game controller configured to attach to a first side
of the tray; and

a second game controller configured to attach to a second
side of the tray.

2. The gaming accessory of claim 1 wherein the first side

of the tray is opposite the second side of the tray.

3. The gaming accessory of claim 2 wherein the first game
controller is further configured to alternatively attach to a
third side of the tray and the second game controller is
further configured to alternatively attach to a fourth side of
the tray, wherein the third side is adjacent to the first side and
the second side and opposite the fourth side.

4. The gaming accessory of claim 3 wherein the first game
controller comprises a directional joystick and the second
game controller comprises a button array.

5. The gaming accessory of claim 4 further comprising a
battery located in the first game controller.

6. The gaming accessory of claim 4 further comprising a
battery located in the tray.

7. A gaming accessory comprising:

a tray to support an electronic device;

a cover that can be positioned over the electronic device,
wherein the cover has a cutout such that a section of a
screen is unobstructed when the cover is positioned
over the electronic device; and

a hinge to attach the tray to the cover.

8. The gaming accessory of claim 7 wherein the cover
further comprises a plurality of user-interface controls.

9. The gaming accessory of claim 8 wherein the cutout is
positioned in the cover to align with a gaming image
provided on the screen of the electronic device when the
cover is over the electronic device.

10. The gaming accessory of claim 8 wherein the cutout
is one of a plurality of cutouts positioned in the cover to
align with icon images on the screen of the electronic device
when the cover is over the electronic device.

11. A gaming accessory comprising:

a base removably attachable to a back surface of an
electronic device in either a first orientation or a second
orientation, the first orientation orthogonal to the sec-
ond orientation;

a first game controller attached to the base, the first game
controller movable from a first position adjacent to the
base to a second position away from the base, the first
game controller comprising a first user-interface con-
trol; and

a second game controller attached to the base, the second
game controller movable from a first position adjacent
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to the base to a second position away from the base, the
second game controller comprising a second user-
interface control.

12. The gaming accessory of claim 11 wherein when the
base is attached to the electronic device in the first orienta-
tion and the first game controller is in the first position, the
first game controller is adjacent to the back surface of the
electronic device, and when the base is attached to the
electronic device in the first orientation and the second game
controller is in the first position, the second game controller
is adjacent to the back surface of the electronic device.

13. The gaming accessory of claim 12 wherein when the
base is attached to the electronic device in the second
orientation, the first game controller extends beyond a first
side of the electronic device and the second game controller
extends beyond a second side of the electronic device, the
first side opposite the second side.

14. The gaming accessory of claim 11 wherein when the
base is attached to the electronic device in the first orienta-
tion and the first game controller is in the first position and
the second game controller is in the first position, the gaming
accessory is at least approximately coincident with the
electronic device.

15. The gaming accessory of claim 11 wherein when the
base is attached to the electronic device in the first orienta-
tion and the first game controller is in the first position and
the second game controller is in the first position, the base,
the first game controller, and the second game controller
define an outer perimeter that is at least approximately
coincident with an outer perimeter of the electronic device.
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16. A gaming accessory comprising:

a tray supporting an electronic device;

a hinge coupled to the tray;

a cover coupled to the hinge, where the cover can be
rotated along the hinge to a first position over the
electronic device and a second position where the cover
is at an oblique angle to the electronic device, wherein
the cover comprises:

a screen on a first side of the cover, the screen having an
opening; and

a user-interface component positioned in the opening in
the screen.

17. The gaming accessory of claim 16 wherein when the
cover is in the first position, the screen of the cover is
adjacent to a screen of the electronic device.

18. The gaming accessory of claim 17 wherein the cover
can further be rotated along the hinge to a third position,
wherein when the cover is in the third position the screen of
the cover and the screen of the electronic device face in
opposing directions.

19. The gaming accessory of claim 18 wherein the open-
ing in the screen is one of a plurality of openings in the
screen and the user-interface component is one of a plurality
of user-interface components, wherein each of the user-
interface components is in a corresponding one of the
plurality of openings in the screen.

20. The gaming accessory of claim 18 further comprising
a display element on a surface of the user-interface compo-
nent.



